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PREFACE. 



In placing this compilation before his readers — and in 
'particular, his brother Engineers of the Gas Industry — it 
may not be out of place for the Author to indicate the 
circumstances which have led, in the first instance, to 
.the preparation of the Tables, Notes, and other matter 
comprised in the volume, and now to their issue in the 
present form. 

Having frequently during the course of his professional 
career experienced the want of any book containing those 
numerous tables, data, <&c., which, with the spread of 
engineering knowledge, are every day becoming mor6 and 
more necessary to the Gas Engineer for reference, he has 
for many years been in the habit of making and preserving, 
for his own use, fiill notes from every available source. 
These notes have formed the basis of the present work, and 
the fact that they were originally intended only for his 
own personal use has rendered it in many cases well-nigh 
impossible for the Author to acknowledge the sources of 
his information. He desires, however, to express here his 
indebtedness to both the Journal of Gas Lighting and the 
Gas Worldf whose full and careful reports, given from time 
to time, of papers read and discussions held at the various 
meetings of Engineering Societies, at which questions con- 
cerning the Gas Industry have been under review^ have 
a£forded him the means of obtaining a considerable portion 
of the matter here presented* 



VI PREFACE. 

In deciding the plan upon which the matter should be 
arranged, it appeared to the Author that the most suitable 
method was to take the various processes consecutively as 
they occur in the course of Gas-making, and to treat of the 
Construction of the Works separately from the Manufacture 
of the Gas. 

The diagrammatic form of tabulating has been followed 
wherever it seemed to be preferable, and the dimensions 
of the volume have in consequence been increased from the 
ordinary pocket-book size, so as to enable the diagrams 
to be better seen and read. 

The Tables have been most carefully checked, and every 
precaution taken to render them as accurate as possible. 
Should, however, anj error be detected in them, the Author 
will feel much obliged for information of the fact ; while he 
will welcome any communication upon the subject generally 
with which readers may be pleased to favour him. 

H. O'C. 

Edmbwgh, 1897. 



NOTE TO THIRD EDITION. 

It is very gratifying that another edition of the Pookbt- 
BooK has been speedily called for, and the opportunity has 
been taken of amending and supplementing the text of the 
book where advisable, and of bringing the Statutory Regula- 
tions for Testing the Illuminating Power and Purity of Gas 
up to date, as revised August, 1906. 
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7-745 


3-914 


-016667 


778161 


7179 


61 


3,721 


226,981 


7-810 


3-936 


016393 


785330 


7062 


62 


3,844 


238,328 


7-874 


3-957 


•016129 


792392 


6949 


68 


3,969 


250,047 


7-937 


3-979 


•015873 


799341 


6839 


64 


4,096 


262,144 


8-000 


4-000 


•015625 


806180 


6733 


66 


4,225 


274,625 


8-062 


4-020 


•015385 


812913 


6631 


66 


4,356 


287,496 


8-124 


4-041 


•015162 


819544 


6531 


67 


4,489 


300,763 


8-185 


4-061 


-014925 


826075 


6434 


68 


4,624 


314,432 


8-246 


4-081 


•014706 


832509 


6340 


69 


4,761 


328,509 


8-306 


4-101 


•014493 


838849 


6249 


70 


4,900 


843,000 


8-366 


4121 


•014286 


845098 


6160 


71 


5,041 


357,911 


8-426 


4-140 


-014085 


851258 


6074 


72 


5,184 


378,248 


8-485 


4-160 


-013889 


857332 


5991 


78 


5,829 


389,017 


8-544 


4-179 


•013699 


863323 


6909 


74 


5,476 


405,224 


8-602 


4-198 


•018614 


869232 


5829 



flENBBAL HATHBUAIIOAL TABLBB. 



No. 


Squi™. 


Cnbe. 


XT 


SSt 


i^ 


!S. 


'^": 


T8 


5,625 


421,876 


8-660 


4-217 


-0133S3 


875061 


676S 


Te 


5,778 


438,976 


8-717 


4-235 


■013158 


880811 


5677 


77 


5,929 


456,633 


8-744 


4-254 


■012987 


886491 


5601 


7S 


6,08* 


474,662 


8-831 


4-272 


■012821 


892095 


5532 


7& 


6,241 


493,039 


8-888 


4-290 


■012668 


897627 


6463 


80 


6,400 


612,000 


8-944 


4-308 


■012600 


903090 


6395 


SI 


6,661 


631,441 


9-000 


4-326 


-012346 


908186 


5329 


B3 


6,724 


551,368 


9-055 


4-344 


■013195 


813814 


5264 


S3 


6,889 


671,787 


9110 


4-363 


-013018 


919078 


5201 


B4 


7,066 


692,704 


9-165 


4-379 


■011906 


924279 


5140 


SB 


7,235 


614,126 


9219 


4-396 


-011765 


939119 


5079 


88 


7,396 


636,056 


9-373 


4-414 


-011638 


934498 


6031 


87 


,7^69 


658,503 


9327 


4-431 


'011194 


939619 


4964 


88 


7,744 


681,472 


9-380 


4-447 


011364 


944483 


4907 


89 


7,921 


704,969 


9-433 


4-461 


-011236 


949390 


4853 


90 


8,100 


729,000 


9-486 


4-181 


-011111 


954343 


1798 


91 


8,281 


763,571 


9-539 


4-197 


-010989 


959041 


4747 


92 


8,464 


■ 778,688 


9-691 


1-511 


-010870 


963788 


4695 


03 


8,649 


804,357 


9-643 


4-630 


■010753 


968483 


4645 


H 


8,838 


830,684 


9-695 


i-546 


-010638 


973128 


4596 


86 


9,025 


857.375 


9-746 


4-582 


■010526 


977724 


4647 


96 


9,216 


884,736 


9-797 


4-578 


-010117 


982371 


1501 


97 


9,409 


912,673 


9-848 


4-591 


-010309 


986772 


1454 


OS 


9,604 


941,192 


9-899 


4-610 


-010204 


991226 


1109 


09 


9,801 


970,299 


9-949 


4-626 


■010101 


995636 


4360 


100 


10,000 


1,000,000 


10-000 


4-641 


■oioooo 


000000 


4321 


101 


10,201 


1,030,301 


10-049 


4-657 


-009901 


004331 


4279 


102 


10,404 


1,061,208 


10-099 


4-672 


-009804 


008600 


4237 


103 


10,609 


1,092,727 


10-148 


4-687 


-009709 


012837 


4196 


101 


10,816 


i;i24,864 


10-198 


4-702 


-009615 


017033 


4156 


109 


11,025 


1,157,626 


10-246 


4-717 


■009524 


021189 


4117 


106 


11,286 


1,191,016 


10-296 


4-732 


■009131 


025306 


4078 


107 


11,449 


1,226,043 


10-344 


4-747 


■009316 


029384 


4040 


108 


11,661 


1,259,712 


10-392 


4-762 


■009259 


033424 


4002 


100 


11,881 


1,295,029 


10-440 


4-776 


■009171 


037426 


3967 


110 


12,100 


1, 


10-488 


1-791 


■009091 


041393 


3930 


111 


12,321 


1,: 


10-536 


1-805 


■009009 


045323 


3896 


112 


12,554 




10-583 


1-820 


■008939 


049218 


3860 


IIS 


12,769 


1,442,897 


10-ao 


4-834 


■008850 


053078 


3827 


114 


12,996 


1,481,644 


10-677 


4-848 


■008772 


056905 


3793 


US 


13,226 


1,520,876 


10-723 


4-862 


■008696 


060698 


3760 


lie 


13,466 


1,560,896 


10-770 


1-876 


■008631 


061168 


3728 


117 


13,689 


1,601,613 


10-816 


4-890 


■008517 


068186 


3696 


118 


13,924 


1,643,032 


10-862 


4-904 


■008475 


071882 


3665 


119 


14,161 


1,685,169 


10-908 


4-918 


■008403 


075547 


3631 



OAS enginbsb'b pocket-book. 



Ro. 


- 


Cube. 


t 


CobB 


a- 


a 


Wlfci. 


190 


14,400 


1,728,000 


10-954 


4932 


'008333 


079181 


3604 


121 


14,641 


1,771,561 


11-000 


4-946 


■008264 


083785 


3576 


122 


14,884 


1,81S,848 


11-045 


4-959 


■008197 


086360 


3645 


123 


15,129 


1,860,867 


11-090 


4-973 


■008130 


089906 


3617 


124 


15.376 


1,906,624 


11-136 


4'9S6 


■008065 


093422 


3488 


ise 


15,625 


1,953,125 


11-180 


5000 


-008000 


096910 


3461 


126 


15,876 


2,000,376 


11-324 


5-013 


■007937 


100371 


3433 


127 


16,129 


2,048,383 


11-269 


5'026 


■007874 


103804 


3406 


188 


16,384 


2,097,152 


11-313 


5-039 


■007813 


107210 


3380 


129 


16,641 


2,146,689 


11-357 


5052 


■007762 


110690 


3343 


130 


16,900 


2,197,000 


11-401 


5-063 


■007692 


113943 


3328 


131 


17,161 


2,248,091 


11-446 


5-078 


■007634 


117271 


3303 


182 


17,424 


2,399,963 


11-489 


5091 


■007576 


120574 


3378 


133 


17,689 


2,362,637 


11-532 


6-104 


■007519 


123862 


3263 


134 


17,956 


2,406,104 


11-575 


5117 


■007463 


127106 


3229 


I3S 


18^25 


2,460,375 


U-618 


6-139 


■007407 


130334 


3206 


136 


1S,49C 


2,615,456 


11-661 


6142 


■007363 


133639 


8182 


I3T 


18,769 


2,571,363 


11-704 


5-155 


■007299 


136721 


3148 


133 


19,044 


2,620,872 


11-747 


5-167 


-007246 


139879 


3136 


139 


19,321 


3,685,619 


11-789 


5-180 


-007194 


143016 


3113 


140 


19,600 


2,744,000 


11-832 


6'192 


■007143 


146128 


3091 


141 


19,881 




11-874 


5-204 


-007092 


149219 


3069 


1^ 


20,164 




11-916 


5-217 


-007042 


152288 


3048 


143 


20,449 




11-958 


6-239 


-006993 


155336 


3026 


144 


20,738 




12-000 


5-241 


■006944 


158362 


B006 


14S 


21,026 




12-041 


6-253 


■006897 


161368 


2985 


146 


21,316 




12083 


5-265 


■006849 


164363 


2964 


147 


21,609 




12-124 


B-277 


■006803 


167317 


2946 


14S 


21,904 




12-166 


5-389 


■006757 


170262 


3934 


1« 


22,201 


8;367;949 


12-206 


6-301 


■006711 


173186 


2906 


160 


23. BOO 


3,375,000 


12-247 


6-313 


■006667 


176091 


2886 


161 


22,801 


3,442,051 


12-288 


5-326 


■006623 


178977 


2867 


162 


23,104 


3,511,808 


12-338 


6-336 


■006579 


181844 


3847 


163 


23,409 


3,681,677 


12-369 


6-348 


-006536 


184691 


3830 


164 


23,716 


3,652,264 


13-409 


6-860 


■006494 


187521 


2811 


166 


24,025 


3,723,876 


12-449 


6-371 


■006462 


190332 


2793 


166 


24,336 


3,796,416 


12-489 


5-383 


■006410 


193125 


2776 


167 


24,649 


3,869,893 


12-529 


5-394 


■006369 


195900 


2767 


168 


24,964 


3,944,312 


12'569 


6-406 


-006329 


198657 


2740 


169 


2,->,281 


4,019,679 


12-609 


6-417 


■006289 


201397 


2723 


160 


2S,60O 


4,096,000 


12'649 


6-428 


■006250 


304120 


2706 


161 


25,921 


4,173,281 




6-440 


■006211 


206826 


3689 


162 


26,244 


4,261,628 


12'727 


5-451 


■006173 


209616 


2673 


168 


26,569 


4,330,747 


13-767 


6-462 


■006135 


212188 


2666 


164 


26,896 


4,410,944 


13-806 


6-473 


■006098 


314841 


2640 



OXMBRAL UATEEHATIOAL TABLBB. 



Ko. 


Bgun. 


Cnbd. 


"sr 


rSS! 


= 


„-£ 


rr 


m 


27,226 


4,492,126 


12-845 


5-484 


■006061 


217484 


2624 


166 


27,866 


4,574,286 


12-884 


B49B 


■006024 


220108 


2608 


107 


27,889 


4,657,463 


12-922 


5-506 


■005988 


223716 


2583 


las 


26,224 


4,741,632 


12-961 


5-517 


-005962 


225309 


2578 


1«9 


28^1 


4,326,809 


13-000 


6-538 


-005917 


227887 


2562 


170 


28,900 




13-038 


5-B39 


■005882 


230449 


2547 


171 


29,241 




13-076 


5-S50 


-006848 


232996 


2532 


172 


29,58* 




13114 


5-561 


-005814 


235628 


2518 


178 


29,929 




13-152 


5-672 


■005780 


238046 


2503 


174 


30,276 




13190 


S-582 


■005747 


240549 


2489 


170 


30,626 




13'228 


6-693 


-006714 


343038 


2475 


176 


30,976 


M5i|778 


13-266 


6-604 


-006682 


345513 


2460 


177 


31,329 


6,645,233 


13-304 


5-614 


-005650 


347973 


2447 


178 


31,684 


6,639,753 


13-341 


5-62B 


-005618 


250430 


2433 


179 


32,041 


5,735,339 


13-379 


5-635 


■006587 


252853 


3420 


ISO 


32,400 




13-416 


6-646 


■005556 


255273 


2406 


181 


32,761 




13-453 


5-656 


-005525 


257679 


2392 


18« 


33,124 




13-490 


5-667 


■005495 


260071 


2380 


IBS 


33,489 




13-527 


5-677 


-005464 


262451 


2367 


1B4 


33,856 




13-564 


5-687 


■005435 


264818 


2354 


18B 


34,223 




13-fiOl 


5-698 


■005406 


267172 


2341 


186 


34,696 




13-638 


5-708 


■005376 


269513 


2339 


187 


34,969 




13-674 


5-718 


-0OB348 


271842 


2316 


IBB 


36,844 


6i644!672 


13-711 


5-728 


-005319 


274158 


2304 


189 


36,721 


6,751,289 


13-747 


5-738 


-006291 


276463 


2292 


190 


36,100 


6,859,000 


13-784 


5-748 


■005263 


278764 


2279 


191 


38,481 


6,967,871 


13-820 


5-768 


■005238 


281033 


2268 


192 


36,864 


7,077,888 


13-856 


5-768 


■005208 


283301 


2256 


IBS 


37,249 




13-892 


5-778 


'005181 


286557 


2246 


194 


37,636 




13-928 


5-788 


■00SI55 


287802 


2233 


185 


38,026 




13-964 


5-798 


■005128 


290035 


2331 


106 


38,416 




1 4-000 




-005102 


292256 


2210 


107 


38,809 




14'03d 


5-818 


-005076 


294466 


2199 


198 


39,204 




14-071 


5-828 


■006051 


296665 


2188 


190 


39,601 




14-106 


5'838 


■006035 


298863 


2177 


900 


40,000 




14-142 


6-848 


■006000 


301030 


2166 


901 


40,401 




14-177 


5-857 


■00497B 


303196 


2155 


902 


40,804 




14-212 


6-867 


■004950 


305351 


2145 


908 


41,209 




14-247 


5-877 


-004926 


307496 


3134 


904 


41,616 




14-282 


5-886 


■004902 


309630 


3124 


»» 


42,026 




14-317 


5-896 


■004878 


311754 


3113 


906 


42,436 




U-352 


5-905 


-004864 


313867 


3103 


90? 


4J,849 




14-387 


6-915 


■004831 


315970 




906 


43,264 




14-422 


6-924 


■004808 


318063 


2083 


909 


43,681 




14-456 


6-934 


■004785 


320146 


2078 



i BNGINEBB 8 POOKET-BOOE, 



«o. 


Hqiuire. 


..o. 


^t. 


Root. 


rod. 


Tlt£m. 


.»«.■ 


210 


44,100 


9,261,000 


14-491 


5-943 


-004763 


332219 


2063 


211 


44,521 


9,393,931 


14-626 


6-953 


■004739 


324232 


2064 


212 


44,9i4 


9,528,128 


14560 


6-962 


-004717 


326336 


2044 


213 


4r.,36y 


9,663,597 


14-594 


5-972 


-004695 


328380 


2034 


214 


4.-.,71t6 


9,800,344 


14-628 


6-981 


-004673 


330414 


3034 


31S 


46,225 


9,938,375 


14-662 


6-990 


■004651 


333438 


2016 


2ie 


46,fi56 


10,077,686 


14-696 


6-000 


-004630 


334454 


2006 


ai7 


47,089 


10,218,313 


14-730 


6-009 


-004608 


336460 


1996 


218 


47,52* 


10,360,333 


14-764 


6-018 


-004587 


33,S456 


1988 


219 


47,961 


10,503,459 


14-798 


6-037 


-004666 


340444 


1979 


220 


48,400 


10.648,000 


14- 832 


6-036 


-004545 


342423 


1969 


221 


48,841 


10,793,861 


1466-8 


6-046 


-004635 


344392 


1961 


222 


49,284 


10,941,048 


14-899 


6-055 


■004506 


346363 


1952 


223 


49,729 


11,089,667 


14-933 


6-064 


■004484 


348305 


1943 


224 


50,176 


11,339,424 


14-966 


6-073 


-004464 


350248 


1936 


22S 


50,625 


11,390,625 


16-000 


6-083 


■004444 


362183 


1925 


228 


51,076 


11,643,176 


15-033 


6-091 


■004426 


354108 


1918 


227 


51,629 


11,697,083 


15-066 


6-100 


-004405 


366026 


1909 


228 


51,984 


11,852,352 


16-099 


6-109 


■004386 


957035 


1900 


229 


52,441 


12,008,989 


15-132 


6-llS 


-004367 


359835 


1893 


230 


52,900 


12,167,000 


16-165 


6-13fi 


'004343 


361728 


1884 


231 


53,361 


12,326,391 


15-198 


6-135 


■004329 


363612 


1876 


232 


53,834 


12,487,168 


15-231 


6-144 


■004810 


365488 


1868 


233 


64,289 


12,649,337 


16-264 


6-163 


■004292 


3G7356 


1860 


234 


54,766 


12,812,904 


16-297 


6-162 


-004274 


369216 


1852 


S3B 


65,325 


12,977,876 


16-329 


6-171 


■004256 


371068 


1844 


236 


65,696 


13,144,266 


16-362 


6-179 


■004237 


372912 


1836 


237 


66,169 


13,312,063 


15-394 


6-188 


■004219 


374748 


1829 


238 


56,644 


13,481,373 


15-427 


6-197 


■004202 


376677 


1821 


239 


67,131 


13,651,919 


15-469 


6-206 


-004184 


378898 


1813 


240 


67,600 


13,824,000 


15-491 


6-314 


■004167 


380311 


1806 


241 


6S,0S1 


13,997,521 


15-634 


6-333 


■004149 


382017 


1798 


242 


58,564 


14,172,488 


15-656 


6-331 


-004 1S2 


383815 


1791 


243 


69,049 


14,348,907 


15-588 


6-340 


-004116 


386606 


1784 


244 


69,536 


14,628,784 


15-630 


6-248 


■004098 


387390 


1776 


245 


60,025 


14,706,125 


15-653 


6-267 


■004083 


38916S 


1769 


240 


60,516 


14,886,936 


15-684 


6-265 


-004065 


390936 


1762 


247 


61,009 


16,069,223 


15-716 


6-274 


-004049 


3S2697 


1756 


248 


61,504 


15,252,992 


15-748 


6-282 


-004033 


394453 


1747 


tm 


62,001 


16,438,249 


15-779 


6-291 


-004016 


396199 


1741 


260 


62,500 


15,635,000 


16-811 


6-299 


-004000 


397940 


1734 


2B1 


63,001 


15,813,251 


16-843 


6-307 


-003984 


399674 


1727 


262 


63,604 


16,003,008 


16-874 


6-316 


-003968 


401401 


1721) 


268 


64,009 


16,194,377 


16-905 


6-334 


■003963 


403131 


1713 


264 


64Blfl 


lARRTMi 


15-937 


6-333 


■003937 


404384 


1706 



GENERAL MATHEMATIOAL TABLES. 



No. 
255 


Sqnftre. 


Cube. 


SqnaEe 
Root. 


Cube 
Root. 


Recip- 
rocal. 


Loga- 
rithm. 


Differ- 
ence. 


65,026 


16,581,375 


15-968 


6-341 


-003922 


406540 


1700 


256 


65,536 


16,777,216 


16-000 


6-349 


-003906 


408240 


1693 


257 


66,049 


16,974,593 


16-031 


6-357 


-003891 


'409933 


1687 


258 


66,664 


17,173,612 


16-062 


6-366 


-003876 


411620 


1680 


259 


67,081 


17,373,979 


16-093 


6-374 


-003861 


413300 


1673 


260 


67,600 


17,676,000 


16-124 


6-382 


•003846 


414973 


1668 


281 


68,121 


17,779,681 


16-155 


6-390 


•003831 


416641 


1660 


262 


68,644 


17,984,728 


16-186 


6-398 


•003817 


418301 


1656 


263 


69,169 


18,191,447 


16-217 


6-406 


-003802 


419956 


1648 


264 


69,<'96 


18,399,744 


16-248 


6-415 


-003788 


421604 


1642 


265 


70,225 


18,609,625 


16-278 


6-423 


•003774 


423246 


1636 


266 


70,756 


18,821,096 


16-309 


6-431 


•003759 


424882 


1629 


267 


71,289 


19,034,163 


16-340 


6-439 


-003746 


426511 


1624 


268 


71,824 


19,248,832 


16-370 


6-447 


-003731 


428135 


1617 


269 


72,361 


19,465,109 


16-401 


6-455 


•003717 


429762 


1612 


270 


72,900 


19,683,000 


16-431 


6-463 


-003704 


431364 


1606 


271 


73,441 


19,902,511 


16-462 


6-471 


-003690 


432969 


1600 


272 


73,984 


20,123,648 


16-492 


6-479 


-003676 


434569 


1694 


273 


74,529 


20,346,417 


16-622 


6-487 


-003663 


436163 


1688 


274 


75,076 


20,670,824 


16-552 


6-495 


•003650 


437761 


1682 


275 


75,625 


20,796,876 


16,583 


6-502 


-003636 


439333 


1576 


276 


76,176 


21,024,676 


16-613 


6-510 


-003623 


440909 


1571 


277 


76,729 


21,253,933 


16-643 


6-518 


•003610 


442480 


1565 


278 


77,284 


21,484,952 


16-673 


6-526 


•003597 


444045 


1559 


279 


77,841 


21,717,639 


16-703 


6-534 


-003584 


445604 


1564 


280 


78,400 


21,952,000 


16-733 


6-542 


•003671 


447158 


1548 


281 


78,961 


22,188,041 


16-763 


6-549 


-003669 


448706 


1643 


282 


79,524 


22,426,768 


16-792 


6-557 


•003546 


450249 


1537 


283 


80,089 


22,665,187 


16-822 


6-665 


•003534 


451786 


1632 


284 


80,656 


22,906,304 


16-852 


6-573 


•003622 


453318 


1527 


285 


81,225 


23,149,125 


16-881 


6-580 


•003509 


454845 


1521 


286 


81,796 


23,393,656 


16-911 


6-688 


•003497 


456366 


1516 


287 


82,369 


23,639,903 


16-941 


6-596 


•003484 


467882 


1510 


288 


82,944 


23,887,872 


16-970 


6-603 


•003472 


469392 


1506 


289 


83,521 


24,137,569 


17-000 


6-611 


•003460 


460898 


1600 


290 


84,100 


24,389,000 


17-029 


6-619 


-003448 


462398 


1495 


291 


84,681 


24,642,171 


17-059 


6-627 


-003436 


463893 


1490 


292 


85,264 


24,897,088 


17-088 


6-634 


•003425 


465383 


1485 


298 


85,849 


26,163,757 


17-117 


6-642 


•003413 


466868 


1479 


294 


86,436 


25,412,184 


17-146 


6-649 


•003401 


468347 


1476 


295 


87,025 


25,672,375 


17176 


6-657 


•003390 


469822 


1470 


296 


87,616 


25,934.336 


17-205 


6-664 


-003378 


471292 


1464 


297 


88,209 


26,198,073 


17-234 


6-672 


•003367 


472766 


1460 


298 


88,804 


26,463,692 


17-263 


6-679 


-003356 


474216 


1465 


299 


89,401 


26,730,899 


17-292 


6-687 


-003344 


476671 


1460 



8 



GAS BNGINEER'S POCKET-BOOK. 



No. 
800 


Square. 


Cube. 


Square 
Boot. 


Cube 
Root. 


Recip- 
rocal. 


Loga- 
rithm. 


Differ- 
ence. 


90,000 


27,000,000 


17-320 


6-694 


-008333 


477121 


1445 


801 


90,601 


27,270,901 


17-349 


6-702 


-003322 


478566 


1441 


802 


91,204 


27,543,608 


17-378 


6-709 


-003311 


480007 


1436 


803 


91,809 


27,818,127 


17-407 


6-717 


•003301 


481443 


1431 


804 


92,416 


28,094,464 


17-436 


6-724 


•003289 


482874 


1426 


805 


93,026 


28,372,626 


17-464 


6-731 


•003279 


484300 


1421 


806 


93,636 


28,652,616 


17-493 


6-739 


-003268 


485721 


1417 


307 


94,249 


28,934,443 


17-621 


6-746 


•003257 


487138 


1413 


808 


94,864 


29,218,112 


17-549 


6.753 


-003247 


488551 


1407 


800 


95,481 


29,503,629 


17-578 


6-761 


•003236 


489958 


1404 


310 


96,100 


29,791,000 


17-607 


6-768 


-008226 


491862 


1398 


811 


96,721 


30,080,231 


17-635 


6-776 


-003215 


492760 


1395 


312 


97,344 


30,371.328 


17-663 


6-782 


-003205 


494165 


1389 


318 


97,969 


30,664,297 


17-692 


6-789 


-003195 


495544 


1386 


814 


98.596 


30,959,144 


17-720 


6-797 


-003186 


496930 


1381 


315 


99,226 


31,255,876 


17,748 


6-804 


-003175 


498311 


1376 


316 


99,856 


31,554,496 


17-776 


6-811 


-003165 


499687 


1372 


317 


100,489 


31,865,013 


17-804 


6-818 


-003156 


501069 


1368 


318 


101,124 


32,157,432 


17-832 


6-826 


-003146 


502427 


1364 


819 


101,761 


32,461,769 


17-860 


6-833 


-008135 


503791 


1359 


820 


102,400 


82,768,000 


17-888 


6-839 


-008125 


505150 


1355 


821 


103,041 


33,076,161 


17-916 


6-847 


•003115 


506505 


1351 


822 


103,684 


33,386,248 


17-944 


6-854 


-003106 


607866 


1347 


828 


104,329 


33,698,267 


17-972 


6-861 


-003096 


509208 


1342 


824 


104,976 


34,012,224 


18-000 


6-868 


•003086 


510546 


1338 


825 


106,625 


34,328,125 


18-028 


6-875 


-003077 


611883 


1335 


826 


106,276 


34,645,976 


18-065 


6-882 


-008067 


513218 


1330 


827 


106,929 


34,965,783 


18-083 


6-889 


-003068 


614548 


1326 


828 


107,584 


36.287,662 


18-111 


6-896 


•003049 


515874 


1322 


829 


108,241 


35,611,289 


18-138 


6-903 


•003040 


517196 


1318 


880 


108,900 


36,937,000 


18-166 


6-910 


•003080 


518514 


1314 


381 


109,561 


36,264,691 


18-193 


6-917 


•008021 


519828 


1310 


882 


110,224 


36,594,368 


18-221 


6-924 


•008012 


521138 


1306 


883 


110,889 


36,926,037 


18-248 


6-931 


-003003 


522444 


1302 


884 


111,556 


37,269,704 


18-276 


6-938 


•002994 


523746 


1299 


885 


112,225 


37,595,375 


18-303 


6-945 


•002985 


525046 


1294 


836 


112,896 


37.933,066 


18-330 


6-962 


-002976 


626339 


1291 


887 


113,569 


38,272,753 


18-357 


6-969 


-002967 


627680 


1287 


888 


114,244 


38,614,472 


18-385 


6-966 


-002959 


528917 


1283 


339 


114,921 


38,958,219 


18-412 


6-973 


-002950 


530200 


1279 


340 


115,600 


39,304,000 


18-439 


6-979 


•002941 


531479 


1275 


841 


116,281 


39,651,821 


18-466 


6-986 


•002933 


632754 


1272 


842 


116,964 


40,001,688 


18-493 


6-993 


-002924 


634026 


1268 


348 


117,649 


40,353,607 


18-520 


7-000 


-002916 


535294 


1264 


844 


118,336 


40,707,584 


18-647 


7-007 


-002907 


536558 


1261 



GENERAL MATHEMATICAL TABLES. 



No. 
346 


Square. 


Cube. 


Square 
Root 


Cube 
Root. 


Recip- 
rocal. 


Loga- 
rithm. 


Differ- 
ence. 


119,025 


41,063,625 


18-574 


7-014 


•002899 


537819 


1257 


346 


119,716 


41,421,736 


18-601 


7-020' 


-002890 


539076 


1263 


347 


120,409 


41,781,923 


18-628 


7-027 


•002882 


540329 


1250 


348 


121,104 


42,144,192 


18-655 


7-034 


-002874 


541579 


1246 


349 


121,801 


42,508,549 


18-681 


7-040 


-002865 


542825 


1243 


350 


122,500 


42.875,000 


18-708 


7-047 


•002857 


544068 


1239 


351 


123,201 


43,243,551 


18-735 


7054 


•002849 


545307 . 


1236 


352 


123,904 


43,614,208 


18-762 


7-061 


-002841 


546543 


1232 


353 


124,609 


43,986,977 


18-788 


7-067 


-002833 


547775 


1228 


354 


125,316 


44,361.864 


18-815 


7-074 


•002825 


549003 


1225 


355 


126,025 


44,738,875 


18-842 


7-081 


•002817 


550228 


1222 


356 


126,736 


45,118,016 


18-868 


7-087 


•002809 


551450 


1218 


357 


127,449 


45,499,293 


18-894 


7-094 


-002801 


552668 


1215 


358 


128,164 


45,882,712 


18-921 


7-101 


•002793 


553883 


1211 


359 


128,881 


46,268,279 


18-947 


7-107 


-002786 


555094 


1209 


360 


129,600 


46,656,000 


18-974 


7-114 


•002778 


556303 


1204 


361 


130,321 


47,045,881 


19-000 


7-120 


•002770 


557507 


1201 


362 


131,044 


47,437,928 


19-026 


7-127 


-002762 


558709 


1198 


363 


131,769 


47,832,147 


19-052 


7133 


-002755 


559907 


1195 


364 


132.496 


48,228,544 


19-079 


7-140 


-002747 


561101 


1192 


365 


133^225 


48,627,125 


19-105 


7-146 


-002740 


562293 


1188 


366 


133,956 


49,027,896 


19-131 


7153 


-002732 


563481 


1185 


367 


134,689 


49,430,863 


19-157 


7-159 


•002725 


564666 


1182 


368 


135,424 


49,836,032 


19-183 


7-166 


•002717 


565848 


1178 


869 


136,161 


50,243,409 


19-209 


7-172 


-002710 


567026 


1175 


370 


136,900 


50,653,000 


19-235 


7-179 


•002703 


568202 


1172 


371 


137,641 


51,064,811 


19-261 


7-185 


-002695 


569374 


1169 


372 


138,384 


51,478,848 


19-287 


7-192 


-002688 


570543 


1166 


373 


139,129 


51,895,117 


19-313 


7-198 


-002681 


571709 


1163 


374 


139,876 


52,313,624 


19-339 


7-205 


-002674 


572872 


1159 


375 


140,625 


52,734,375 


19-365 


7-211 


•002667 


574031 


1157 


376 


141,376 


53,157,376 


19-391 


7-218 


•002660 


575188 


1154 


377 


142,129 


53,582,633 


19-416 


7-224 


•002653 


576341 


1151 


378 


142,884 


54,010,152 


19-442 


7-230 


•002646 


577492 


1148 


379 


143,641 


54,439,939 


19-468 


7-237 


•002639 


578639 


1145 


380 


144,400 


54,872,000 


19-493 


7-243 


•002632 


579784 


1141 


381 


145,161 


55,306,341 


19-519 


7-249 


•002625 


580925 


1138 


382 


145,924 


55,742,968 


19-545 


7-256 


•002618 


582063 


1135 


383 


146,689 


56,181,887 


19-570 


7-262 


•002611 


583199 


1132 


384 


147,456 


56,623,104 


19-596 


7-268 


•002604 


584331 


1129 


385 


148,225 


57,066,625 


19-621 


7-275 


•002597 


585461 


1126 


386 


148,996 


57,512,456 


19-647 


7-281 


•002591 


586587 


1124 


387 


149,769 


57,960,603 


19-672 


7-287 


•002584 


587711 


1121 


388 


150,544 


58,411,072 


19-698 


7-294 


•002577 


588832 


1118 


380 


151,321 


58,863,869 


19-723 


7-299 


-002571 


589950 


1116 
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0A8 BKOnniBR'S POOKBT-BOOE. 



No. 
890 


Squarei 


Cube. 


Square 
Root. 


Cube 
Root. 


Recip- 
rocaL 


Loga- 
rithm. 


Differ- 
ence. 


152,100 


59,319,000 


19-748 


7-306 


-002564 


591065 


1112 


391 


152,881 


59,776,471 


19-774 


7-312 


•002558 


592177 


1109 


892 


153,664 


60,236,288 


19-799 


7-319 


-002551 


593286 


1106 


893 


154,449 


60,698,457 


19-824 


7-325 


-002545 


594393 


1103 


394 


155,236 


61,162,984 


19-849 


7-331 


•002538 


596496 


1101 


896 


156,025 


61,629,875 


19-875 


7-337 


•002532 


596597 


1098 


896 


156,816 


62,099,136 


19-899 


7-343 


-002525 


597695 


1095 


397 


157,609 


62,570,773 


19-925 


7-349 


-002519 


598791 


1092 


898 


158,404 


63,044,792 


19-949 


7-356 


-002513 


599883 


1090 


899 


159,201 


63,521,199 


19-975 


7-362 


•002506 


600973 


1087 


400 


160,000 


64,000,000 


20-000 


7-368 


•002500 


602060 


1084 


401 


160,801 


64,481,201 


20-025 


7-374 


-002494 


603144 


1082 


402 


161,604 


64,964,808 


20-049 


7-380 


•002488 


604226 


1079 


408 


162,409 


65,450,827 


20-075 


7-386 


•002481 


605306 


1076 


404 


163,216 


65,939,264 


20099 


7-392 


•002475 


606381 


1074 


405 


164,025 


66,430,125 


20125 


7-399 


-002469 


607465 


1071 


406 


164,836 


66,923,416 


20-149 


7-405 


•002463 


608526 


1068 


407 


165,649 


67,419.143 


20-174 


7-411 


•002457 


609594 


1066 


406 


166,464 


67,911,312 


20-199 


7-417 


-002451 


610660 


1063 


409 


167,281 


68,417,929 


20-224 


7-422 


-002445 


611723 


1061 


410 


168,100 


68,921,000 


20-248 


7-429 


•002439 


612784 


1058 


411 


168,921 


69,426,531 


20-273 


7-434 


-002433 


613842 


1056 


412 


169,744 


69,934,528 


20-298 


7-441 


-002427 


614897 


1053 


413 


170,569 


70,444,997 


20-322 


7-447 


•002421 


615950 


1050 


414 


171,396 


70,957,944 


20-347 


7-453 


•002415 


617000 


1048 


416 


172,225 


71,473,375 


20371 


7-459 


•002410 


618048 


1045 


416 


173,056 


71,991,296 


20-396 


7-466 


•002407 


619093 


1043 


417 


173,889 


72,511,713 


20-421 


7-471 


-002398 


620136 


1040 


418 


174,724 


73,034,632 


20-445 


7-477 


-002392 


621176 


1038 


419 


175.561 


73,560,059 


20-469 


7-483 


•002387 


622214 


1035 


420 


176,400 


74,088,000 


20*494 


7-489 


•002381 


623249 


1033 


421 


177,241 


74,618,461 


20-518 


7-495 


•002375 


624282 


1030 


422 


178,084 


75,151,448 


20-543 


7-501 


-002370 


625312 


1028 


428 


178,929 


75,686,967 


20-567 


7-507 


-002364 


626340 


1026 


424 


179,776 


76.225.024 


20-591 


7-513 


•002358 


627366 


1023 


426 


180,625 


76,765,625 


20-615 


7-518 


•002353 


628389 


1021 


426 


181,476 


77,308,776 


20-639 


7-524 


•002347 


629410 


1018 


427 


182,329 


77,854,483 


20-664 


7-530 


•002342 


630428 


1016 


428 


183,184 


78,402,752 


20-688 


7-536 


•002336 


6B1444 


1013 


429 


184,041 


78,953,589 


20-712 


7-542 


•002331 


632457 


1011 


480 


184,900 


79,507,000 


20-736 


7-548 


•002326 


633468 


1009 


481 


185,761 


80,062,991 


20-760 


7-554 


-002320 


634477 


1007 


482 


186,624 


80,621,568 


20-785 


7-559 


•002315 


635484 


1004 


488 


187,489 


81,182,737 


20-809 7-565 


•002309 


636488 


1002 


484 


188,356 


81,746,504 


20-833 7-571 


•002304 


637490 


999 



OKNERAL MATHGHATICAIi TABLBS. 
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No. 
485 


Square. 


Cabe. 


Square 
Root. 


Cube 
Root. 


Recip- 
rocal. 


Loga- 
rithiu. 


Differ- 
ence. 


189,225 


82,812,875 


20-857 


7-577 


•002299 


638489 


997 


486 


190,096 


82,881,856 


20-881 


7-583 


-002294 


639486 


995 


487 


190,969 


83,453,453 


20-904 


7-588 


•002288 


640481 


993 


488 


191,844 


84,027,672 


20-928 


7-594 


-002283 


641474 


991 


489 


192,721 


84,604,519 


20-952 


7-600 


-002278 


642465 


988 


440 


193,600 


85,184,000 


20-976 


7-606 


•002273 


643453 


986 


441 


194,481 


85,760,121 


21-000 


7-612 


•002268 


644439 


983 


442 


195,364 


86,350,388 


21-024 


7-617 


-002262 


645422 


981 


448 


196,249 


86,938,307 


21-047 


7-623 


-002257 


646404 


979 


444 


197,136 


87,528,384 


21-071 


7-629 


-002252 


647383 


977 


445 


198,025 


88,121,125 


21-095 


7-685 


•002247 


648360 


975 


446 


198,916 


88,716,536 


21-119 


7-640 


•002242 


649335 


973 


447 


199,809 


89,814,623 


21-142 


7-646 


•002237 


650308 


970 


448 


200,704 


89,915,392 


21-166 


7-662 


-002232 


651278 


968 


440 


201,601 


90,518,849 


21-189 


7-657 


•002227 


652246 


967 


450 


202,500 


91,125,000 


21-213 


7-663 


•002222 


653213 


964 


451 


203,401 


91,733,851 


21-237 


7-669 


•002217 


654177 


962 


452 


204,304 


92,345,408 


21-260 


7-674 


-002212 


655138 


960 


458 


205,209 


92,959,677 


21-284 


7-680 


•002208 


656098 


958 


454 


206,106 


93,576,664 


21-307 


7-686 


•002203 


657056 


956 


455 


207,025 


94,196.375 


21-331 


7-691 


•002198 


658011 


954 


456 


207,936 


94,818»816 


21-354 


7-697 


•002193 


658965 


951 


457 


208,849 


95,443,993 


21-377 


7-703 


-002188 


659916 


949 


458 


209,764 


96,071,912 


21-401 


7-708 


-002183 


660865 


947 


459 


210,681 


96,702,579 


21-424 


7-714 


-002179 


661813 


945 


460 


211,600 


97,336,000 


21-447 


7-719 


•002174 


662758 


943 


461 


212,521 


97,972,181 


21-471 


7-725 


-002169 


663701 


941 


462 


213,444 


98,611,128 


21-494 


7-731 


•002165 


664642 


9:]0 


468 


214,369 


99,252,847 


21-517 


7-736 


•002160 


665581 


937 


464 


215,296 


99,897,345 


21-541 


7-742 


•002155 


666518 


935 


465 


216,225 


100,544,625 


21-564 


7-747 


-002151 


667463 


933 


466 


217,156 


101,194,696 


21-587 


7-753 


•002146 


668386 


931 


467 


218,089 


101,847,563 


21-610 


7-758 


-002141 


669317 


929 


468 


219,024 


102,503,282 


21*633 


7-764 


•002137 


670246 


927 


469 


219,961 


103,161,709 


21-656 


7-769 


-002132 


671173 


925 


470 


220,900 


103,823,000 


21-679 


7-775 


-002128 


672098 


923 


471 


221,841 


104,487,111 


21-702 


7-780 


-002123 


673021 


921 


472 


222,784 


105,154,048 


21-725 


7-786 


-002119 


673942 


919 


478 


223,729 


105,823,817 


21-749 


7-791 


-002114 


674861 


917 


474 


224,676 


106,496,424 


21-771 


7-797 


-002110 


675778 


915 


475 


225,625 


107,171,875 


21-794 


7-802 


-002105 


676694 


913 


476 


226,576 


107,850,176 


21-817 


7-808 


•002101 


677607 


911 


477 


227,529 


108,631,333 


21-840 


7-813 


•002096 


678518 


910 


478 


228,484 


109,215,852 


21-863 


7-819 


•002092 


679428 


908 


479 


229,441 


109,902,239 


21-886 


7-824 


•002088 


680336 


906 
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OAB BNtHNEKBS POOKXT-BOOK. 



No. 
480 


Square. 


Cube. 


Square 
Root 


Cube 
Boot 


Reelp- 


ritfam. 


Differ- 
ence. 


230,400 


110,592,000 


21-909 


7-830 


•002083 


681241 


904 


481 


231,361 


111,284,641 


21-932 


7-835 


•002079 


682145 


902 


482 


232,324 


111,980,168 


21-954 


7-840 


•002075 


683047 


900 


488 


233,289 


112,678,587 


21-977 


7-846 


-002070 


683947 


898 


484 


234,256 


113.379,904 


22-000 


7-851 


•002066 


684845 


896 


486 


235,225 


114,084,125 


22-023 


7-857 


-002062 


685742 


894 


486 


236,196 


114,791,256 


22-045 


7-862 


•002058 


686636 


893 


487 


237,169 


115,501,303 


22069 


7-868 


•002053 


687529 


891 


488 


238,144 


116,214,272 


22091 


7-873 


-002049 


688420 


889 


489 


239,121 


116,936,169 


22113 


7-878 


•002045 


689309 


887 


400 


240,100 


117,649,000 


22-136 


7-884 


-002041 


690196 


885 


401 


241,081 


118,370,771 


22-158 


7-889 


-002037 


691081 


884 


402 


242,064 


119,095,488 


22-181 


7-894 


-002033 


691965 


882 


408 


243,049 


119,823,157 


22-204 


7-899 


-002028 


692847 


880 


404 


244,036 


120,553,784 


22-226 


7-905 


•002024 


693727 


878 


406 


245,025 


121,287,376 


22-248 


7-910 


•002020 


694605 


876 


406 


246,016 


122,023,936 


22-271 


7-915 


•002016 


695482 


874 


407 


247,009 


122,763,473 


22-293 


7-921 


•002012 


696356 


873 


408 


248,004 


123,505,992 


22-316 


7-926 


•002008 


697229 


871 


409 


249,001 


124,251,499 


22-338 


7-932 


•002004 


698101 


869 


600 


250,000 


125,000,000 


22-361 


7-937 


•002000 


698970 


868 


601 


251,001 


125,751,501 


22-383 


7-942 


•001996 


699838 


866 


600 


252,004 


126,506,008 


22-405 


7-947 


•001992 


700704 


861 


608 


253,009 


127,263,527 


22-428 


7-953 


•001988 


701568 


862 


604 


254,016 


128,024,864 


22-449 


7-958 


•001984 


702431 


860 


606 


265,025 


128,787,625 


22-472 


7-963 


-001980 


703291 


859 


606 


256,036 


129,554,216 


22-494 


7-969 


•001976 


704151 


857 


607 


257,049 


130,323,843 


22-517 


7-974 


•001972 


705008 


866 


608 


258,064 


131,096,512 


22-539 


7-979 


-001969 


705864 


854 


600 


259,081 


131,872,229 


22-561 


7-984 


•001965 


706718 


852 


610 


260,100 


132,651,000 


22-683 


7-989 


•001961 


707570 


851 


611 


261,121 


133,432,831 


22-605 


7-995 


•001957 


708421 


849 


612 


262,144 


134,217,728 


22-627 


8-000 


•001953 


709270 


847 


618 


263,169 


135,005,697 


22-649 


8-005 


•001949 


710117 


846 


614 


264,196 


135,796,744 


22-671 


8-010 


•001946 


710963 


844 


616 


265,225 


136,690,875 


22-694 


8-016 


•001942 


711807 


843 


616 


266,256 


137,388,096 


22-716 


8-021 


•001938 


712650 


841 


617 


267,289 


138,188,413 


22-738 


8-026 


•001934 


713491 


839 


618 


268,324 


138,991,832 


22-759 


8031 


•001931 


714330 


837 


610 


269,361 


139,798,369 


22-782 


8036 


•001927 


715167 


836 


620 


270,400 


140,608,000 


22-803 


8-041 


•001923 


716003 


885 


621 


271,441 


141,420,761 


22-825 


8-047 


•001919 


716838 


838 


622 


272,484 


142,236,648 


22-847 


8-052 


•001916 


717671 


831 


628 


273,629 


143,055,667 


22-869 


8-057 


•001912 


718502 


829 


624 


274,576 


143,877,824 


22*891 


8*062 


•001908 


719331 


828 
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No. 


Square. 


Cube. 


Square 
Root. 


Cube 
Root. 


Recip- 
rocal. 


Loga- 
ritmn. 


Differ- 
ence. 


586 


275,625 


144,703,125 


22-913 


8-067 


•001905 


720169 


827 


5i6 


276,676 


145,531,676 


22-935 


8-072 


•001901 


720986 


826 


687 


277,729 


146,363,183 


22-956 


8-077 


-001898 


721811 


823 


688 


278,784 


147,197,952 


22-978 


8-082 


•001894 


722634 


822 


689 


279,841 


148,036,889 


23-000 


8-087 


-001890 


723466 


820 


680 


280,900 


148,877,000 


23-022 


8-093 


-001887 


724276 


819 


681 


281,961 


149,721,291 


23-043 


8-098 


•001883 


726095 


817 


588 


283,024 


150,668,768 


23-065 


8-103 


•001880 


726912 


815 


688 


284,089 


151,419,437 


23-087 


8-108 


-001876 


726727 


814 


684 


285,156 


152,273,304 


23-108 


8-113 


•001873 


727541 


813 


686 


286,225 


153,130,376 


23130 


8-118 


•001869 


728354 


811 


686 


287,296 


153,990,656 


23-152 


8-123 


-001866 


729166 


809 


687 


288,369 


154,854,153 


23173 


8-128 


-001862 


729974 


808 


688 


289,444 


155,720,872 


23-195 


8-133 


•001859 


730782 


807 


689 


290,521 


156,590,819 


23-216 


8-138 


•001856 


731689 


805 


640 


291,600 


157,464,000 


23-238 


8143 


•001852 


732394 


803 


641 


292,681 


158,340,421 


23-259 


8-148 


•001848 


733197 


802 


648 


293,764 


159,220,088 


23-281 


8153 


-001846 


733999 


801 


648 


294,849 


160,103,007 


23-302 


8-168 


•001842 


734800 


799 


644 


295,936 


160,989,184 


23-324 


8-163 


-001838 


735599 


798 


646 


297,025 


161,878,626 


23-345 


8-168 


•001836 


736397 


796 


646 


298,116 


162,771,336 


23-367 


8-173 


•001832 


737193 


794 


647 


299,209 


163,667,323 


23-388 


8-178 


•001828 


737987 


793 


648 


300,304 


164,566,692 


23-409 


8-183 


•001826 


738781 


792 


648 


30] ,401 


166,469,149 


23-431 


8-188 


•001821 


739672 


791 


660 


302,600 


166,375,000 


23-452 


8-193 


•001818 


740363 


789 


661 


303,601 


167,284,151 


23-473 


8-198 


-001816 


741162 


787 


668 


304,704 


168,196,608 


23-495 


8-203 


-001812 


741939 


786 


668 


305,809 


169,112,377 


23-516 


8-208 


-001808 


742725 


785 


664 


306,916 


170,031,464 


23-537 


8-213 


-001806 


743510 


783 


666 


308,025 


170,953,875 


23-558 


8-218 


-001802 


744293 


782 


666 


309,136 


171,879,616 


23-579 


8-223 


•001799 


745075 


780 


667 


310,249 


172,808,693 


23-601 


8-228 


•001795 


745855 


779 


668 


311,864 


173,741,112 


23-622 


8 233 


•001792 


746634 


778 


669 


312,481 


174,676,879 


23-643 


8-238 


•001789 


747412 


776 


660 


313,600 


175,616,000 


23-664 


8-242 


•001786 


748188 


775 


661 


314,721 


176,568,481 


23-685 


8-247 


-001783 


748963 


773 


668 


315,844 


177,604,328 


23-706 


8-262 


•001779 


749736 


772 


668 


316,969 


178,453,547 


23-728 


8-257 


-001776 


750508 


771 


664 


318,096 


179,406,144 


23-749 


8-262 


-001773 


751279 


769 


666 


319,225 


180,362,126 


23-769 


8-267 


•001770 


762048 


768 


666 


320,356 


181,321,496 


23 791 


8-272 


-001767 


762816 


767 


667 


321,489 


182,284,263 


28-812 


8-277 


-001764 


763583 


766 


668 


322,624 


183,260,432 


23-833 


8-282 


•001761 


764348 


764 


669 


823,761 


184,220,009 23*854 


8-286 


•001757 


756112 


763 
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GAS BNGINBBR'b POCKET-BOOK. 



No. 


Square. 


Cube. 


Square 
Root. 


Cube 
Root 


Recip- 
rocal 


Loga- 
rithm. 


Differ- 
ence. 


436,600 


287,496,000 


25-690 


8-706 


-001515 


819544 


658 


661 


436,921 


288,804,781 


25-710 


8-711 


•001513 


820201 


657 


662 


438,244 


290,117,528 


25-720 


8-715 


•001611 


820858 


656 


668 


439,569 


291,434,247 


25-749 


8-719 


•001508 


821614 


654 


664 


440,896 


292,754,944 


25-768 


8-724 


•001606 


822168 


653 


665 


442,225 


294,079,625 


26-787 


8-728 


•001604 


822822 


652 




443,556 


295,408,296 


26-807 


8-733 


-001602 


823474 


651 


667 


444,889 


296,740,963 


26-826 


8-737 


-001499 


824126 


650 


668 


446,224 


298,077,632 


25-846 


8-742 


-001497 


824776 


650 


669 


447,561 


299,418,309 


26-865 


8-746 


-001496 


826426 


649 


670 


448,900 


300,763,000 


25-884 


8-750 


•001493 


826075 


648 


671 


450,241 


302,111,711 


26-904 


8-753 


•001490 


826728 


647 


672 


451,584 


303,464,448 


25-923 


8-759 


•001488 


827369 


646 


678 


452,929 


304,821,217 


25-942 


8-763 


-001486 


828015 


645 


674 


454,276 


306,182,024 


26-961 


8-768 


-001484 


828660 


644 


676 


455,625 


307,546,875 


25-981 


8-772 


-001481 


829304 


648 


676 


456,976 


308,916,776 


26-000 


8-776 


•001479 


829947 


642 


677 


458,329 


310,288,733 


26-019 


8-781 


•001477 


830589 


641 


678 


459,684 


311,665,752 


26-038 


8-785 


•001475 


831230 


640 


679 


461,041 


313,046,839 


26-058 


8-789 


-001473 


831870 


639 


680 


462,400 


314,432,000 


26-077 


8-794 


-001471 


832509 


638 


681 


463,761 


315,821,241 


26-096 


8-798 


•001468 


833147 


637 


682 


465,124 


317,214,568 


26-115 


8-802 


-001466 


833784 


637 


683 


466,489 


318,611,987 


26-134 


8-807 


-001464 


834421 


636 


684 


467,856 


320,013,604 


26-153 


8-811 


-001462 


835066 


636 


686 


469,225 


321,419,125 


-26-172 


8-815 


•001460 


835691 


634 


686 


470,596 


322,828,856 


26-192 


8-819 


•001458 


836324 


633 


687 


471,969 


324,242,703 


26-211 


8-824 


-001456 


836957 


632 


688 


473,344 


326,660,672 


26-229 


8-828 


-001453 


837688 


631 


689 


474,721 


327,082,769 


26-249 


8-832 


•001451 


838219 


630 


690 


476,100 


328,509,000 


26-268 


8-836 


-001449 


838849 


629 


691 


477,481 


329,939,371 


26-287 


8-841 


-001447 


839478 


628 


692 


478,864 


331,373,888 


26-306 


8-845 


•001445 


840106 


627 


698 


480,249 


332,812,557 


26-325 


8-849 


-001443 


840733 


626 


694 


481,636 


334,255,384 


26-344 


8-853 


•001441 


841359 


625 


695 


483,026 


335,702,375 


26-363 


8-858 


-001439 


841985 


624 


696 


484,416 


337,153,636 


26-382 


8-862 


•001437 


842609 


623 


697 


485,809 


338,608,873 


26-401 


8-866 


-001435 


843233 


622 


698 


487,204 


340,068,392 


26-419 


8-870 


-001433 


843855 


622 


699 


488,601 


341,532,099 


26-439 


8-875 


-001431 


844477 


621 


700 


490,000 


343,000,000 


26-457 


8-879 


•001429 


846098 


620 


701 


491,401 


344,472,101 


26-476 


8-883 


-001427 


846718 


619 


702 


492,804 


345,948,088 


26-495 


8-887 


-001425 


846337 


618 


708 


494,209 


347,628,927 


26-514 


8-892 


•001422 


846955 


617 


704 


495,616 


348,913,664 


26-533 


8-896 


•001420 


847573 


616 
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No. 
705 


Square. 


Cube. 


Square 
Root. 


Cube 
Root. 


Recip- 
rocal 


Loga- 
rithm. 


Differ- 
ence. 


497,026 


350,402,625 


26-552 


8-900 


-001418 


848189 


615 


706 


498,436 


361,895,816 


26-671 


8-904 


-001416 


848805 


614 


707 


499,849 


353^393,243 


26-589 


8-908 


•001414 


849419 


614 


708 


501,264 


364,894,912 


26-608 


8-913 


-001412 


850033 


613 


709 


502,681 


366,400,829 


26-627 


8-917 


-001410 


850646 


612 


710 


604,100 


367,911,000 


26-644 


8-921 


-001408 


851258 


611 


711 


505,521 


359,425,431 


26-664 


8-925 


-001406 


861870 


610 


712 


606,944 


360,944,128 


26-683 


8-929 


•001404 


862480 


610 


718 


508,369 


362,467,097 


26-702 


8-934 


-001403 


853090 


609 


714 


509,796 


363,994.344 


26-721 


8-938 


-001401 


863698 


608 


715 


511,225 


365,525,875 


26-739 


8-942 


-001399 


854306 


607 


716 


512,656 


367,061,696 


26-758 


8-946 


-001397 


864913 


606 


717 


514,089 


368,601,813 


26-777 


8-950 


-001395 


856619 


605 


718 


516,524 


370,146,232 


26-795 


8-954 


-001393 


856124 


604 


719 


516,961 


371,694,959 


26-814 


8-959 


-001391 


866729 


603 


790 


518,400 


373,248,000 


26-833 


8-963 


-001389 


867332 


603 


781 


519,841 


374,805,361 


26-851 


8-967 


-001387 


867935 


602 


792 


521,284 


376,367,048 


26-870 


8-971 


-001385 


858637 


601 


728 


522,729 


377,933,067 


26-889 


8-975 


-001383 


859138 


600 


724 


524,176 


379,503,424 


26-907 


8-979 


-001381 


869739 


699 


725 


525,626 


381,078,125 


26-926 


8-983 


-001379 


860338 


698 


726 


627,076 


382,667,176 


26-944 


8-988 


-001377 


860937 


597 


727 


528,629 


384,240,583 


26-963 


8-992 


-001376 


861634 


597 


728 


529,984 


386,828,352 


26-991 


8-996 


•001374 


862131 


696 


729 


531,441 


387,420,489 


27-000 


9-000 


-001372 


862728 


695 


780 


532,900 


389,017,000 


27-018 


9-004 


-001370 


863323 


694 


781 


634,361 


390,617,891 


27-037 


9-008 


-001368 


863917 


594 


789 


535,824 


392,223,168 


27-055 


9-012 


•001366 


864611 


593 


788 


537,289 


393,832,837 


27-074 


9-016 


•001364 


865104 


592 


784 


538,756 


396,446,904 


27-092 


9-020 


•001362 


865696 


591 


785 


540,226 


397,066,375 


27-111 


9-023 


-001361 


866287 


590 


786 


641,696 


398,688,256 


27-129 


9-029 


•001359 


866878 


589 


787 


643,169 


400,315,553 


27-148 


9-083 


•001357 


867467 


589 


788 


544,644 


401,947,272 


27-166 


9-037 


•001356 


868066 


588 


789 


546,121 


403,583,419 


27-184 


9-041 


•001353 


868644 


687 


740 


547,600 


405,224,000 


27-203 


9-045 


•001351 


869232 


686 


741 


649,081 


406,869,021 


27-221 


9-049 


•001350 


869818 


586 


742 


650,664 


408,618,488 


27-239 


9-063 


•001348 


870404 


685 


748 


662,049 


410,172,407 


27-258 


9-057 


•001346 


870989 


584 


744 


563,636 


411,830,784 


27-276 


9-061 


•001344 


871573 


683 


745 


666,025 


413,493,625 


27-295 


9-065 


•001342 


872156 


583 


746 


566,516 


415,160.936 


27-313 


9-069 


•001340 


872739 


582 


747 


658,009 


416,832;723 


27-331 


9-073 


•001339 


873321 


581 


748 


569,504 


418,508,992 


27-349 


9-077 


•001337 


873902 


580 


749 501,001 


420,189,749 


27-368 ] 9-081 


•001335 


874482 


679 



O.E. 
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OAS engineer's pocket-book. 



No. 
660 


Square. 


Cube. 


Square 
Root. 


Cube 
Root 


Recip- 1 LogB^ 
rocal 1 rithm. 


bilTer. 
ence. 


436,600 


287,496,000 


26-690 


8-706 


-001616 819644 


658 


661 


436,921 


288,804,781 


26-710 


8-711 


-001513 


820201 


657 


662 


438,244 


290,117,528 


25-720 


8-715 


-001611 


820858 


656 


668 


439,569 


291,434,247 


26-749 


8-719 


•001608 


821614 


654 


664 


440,896 


292,754,944 


26-768 


8-724 


•001506 


822168 


663 


666 


442,225 


294,079,626 


26-787 


8-728 


•001604 


822822 


652 


ana 


443,556 


295,408,296 


25-807 


8-733 


-001602 


823474 


651 


667 


444,889 


296,740,963 


26-826 


8-737 


-001499 


824126 


650 


668 


446,224 


298,077,632 


25-846 


8-742 


-001497 


824776 


650 


669 


447,561 


299,418,309 


25-866 


8-746 


•001495 


826426 


649 


670 


448,900 


300,763,000 


25-884 


8-750 


•001493 


826076 


648 


671 


450,241 


302,111,711 


25-904 


8-768 


•001490 


826723 


647 


678 


451,584 


303,464,448 


25-923 


8-759 


•001488 


827369 


646 


678 


452,929 


304,821,217 


25-942 


8-763 


•001486 


828015 


645 


674 


454,276 


306,182,024 


25-961 


8-768 


-001484 


828660 


644 


676 


455,625 


307,546,875 


26-981 


8-772 


-001481 


829304 


643 


676 


456,976 


308,916,776 


26-000 


8-776 


•001479 


829947 


642 


677 


458,329 


310,288,733 


26-019 


8-781 


•001477 


830589 


641 


678 


459,684 


311,665,752 


26-038 


8-785 


•001475 


831230 


640 


679 


461,041 


313,046,839 


26-058 


8-789 


•001473 


831870 


639 


680 


462,400 


314,432,000 


26077 


8-794 


-001471 


832509 


638 


681 


463,761 


315,821,241 


26-096 


8-798 


•001468 


833147 


637 


682 


465,124 


317,214,568 


26-115 


8-802 


•001466 


833784 


637 


688 


466,489 


318,611,987 


26-134 


8-807 


-001464 


834421 


636 


684 


467,856 


320,013,504 


26-163 


8-811 


-001462 


835066 


635 


686 


469,225 


321,419,125 


26-172 


8-815 


-001460 


835691 


634 


686 


470,596 


322,828,856 


26-192 


8-819 


-001458 


836324 


633 


687 


471,969 


324,242,703 


26-211 


8-824 


-001456 


836967 


632 


688 


473,344 


325,660,672 


26-229 


8-828 


-001453 


837588 


631 


689 


474,721 


327,082,769 


26-249 


8-832 


•001451 


838219 


630 


690 


476,100 


328,509,000 


26-268 


8-836 


•001449 


838849 


629 


691 


477,481 


329,939,371 


26-287 


8-841 


•001447 


839478 


628 


692 


478,864 


331,373,888 


26-306 


8-845 


•001445 


840106 


627 


698 


480,249 


332,812,557 


26-326 


8-849 


•001443 


840733 


626 


694 


481,636 


334,255,384 


26-344 


8-853 


•001441 


841369 


626 


696 


483,025 


335,702,375 


26-363 


8-858 


•001439 


841985 


624 


696 


484,416 


337,153,536 


26-382 


8-862 


-001437 


842609 


623 


697 


485,809 


338,608,873 


26-401 


8-866 


•001435 


843233 


622 


698 


487,204 


340,068,392 


26-419 


8-870 


•001433 


843855 


622 


699 


488,601 


341,532,099 


26-439 


8-876 


•001431 


844477 


621 


700 


490,000 


343,000.000 


26-457 


8-879 


-001429 


845098 


620 


701 


491,401 


344,472,101 


26-476 


8-883 


•001427 


845718 


619 


702 


492,804 


345,948,088 


26-495 


8-887 


•001425 


846337 


618 


708 


494,209 


347,628,927 


26-514 


8-892 


•001422 


846955 


617 


704 


496,616 


348,913,664 


26-533 


8-896 


•001420 


847573 


616 
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No. 
706 


Square. 


Cube. 


Square 
Root. 


Cube 
Root. 


Recip- 
rocal. 


Loga- 
rithm. 


Differ- 
ence. 


497,026 


350,402,625 


26-552 


8-900 


-001418 


848189 


616 


706 


498,436 


351,895,816 


26-571 


8-904 


•001416 


848805 


614 


707 


499,849 


353,393,243 


26-589 


8-908 


-001414 


849419 


614 


708 


501,264 


354,894,912 


26-608 


8-913 


•001412 


860033 


613 


700 


602,681 


356,400,829 


26-627 


8-917 


•001410 


860646 


612 


710 


504,100 


357,911,000 


26-644 


8-921 


-001408 


851258 


611 


711 


605,521 


359,425,431 


26-664 


8-925 


-001406 


851870 


610 


712 


506,944 


360,944.128 


26-683 


8-929 


•001404 


852480 


610 


718 


608,369 


362,467,097 


26-702 


8-934 


•001403 


853090 


609 


714 


509,796 


363,994.344 


26-721 


8-938 


•001401 


863698 


608 


716 


611,225 


365,525,875 


26-739 


8-942 


•001399 


854306 


607 


716 


512,656 


367,061,696 


26-758 


8-946 


•001397 


864913 


606 


717 


514,089 


368,601,813 


26-777 


8-950 


•001395 


856519 


606 


718 


515,524 


370,146,232 


26-796 


8-954 


•001393 


856124 


604 


719 


516,961 


371,694,959 


26-814 


8-959 


-001391 


866729 


603 


720 


518,400 


373,248,000 


26-833 


8-963 


-001389 


857332 


603 


721 


519,841 


374,805,361 


26-851 


8-967 


-001387 


857936 


602 


722 


521,284 


376,367,048 


26-870 


8-971 


•001385 


858537 


601 


728 


522,729 


377,933,067 


26-889 


8-975 


•001383 


869138 


600 


724 


524,176 


379,503,424 


26-907 


8-979 


•001381 


869739 


599 


726 


525,625 


381,078,125 


26-926 


8-983 


•001379 


860338 


698 


726 


527,076 


382,657,176 


26-944 


8-988 


•001377 


860937 


697 


727 


528,529 


884,240,683 


26-963 


8-992 


•001376 


861634 


697 


728 


529,984 


385,828,352 


26-991 


8-996 


•001374 


862131 


696 


729 


531,441 


387,420,489 


27-000 


9-000 


•001372 


862728 


695 


780 


532,900 


389,017,000 


27-018 


9-004 


•001370 


863323 


694 


781 


534,361 


390,617,891 


27-037 


9-008 


•001368 


863917 


594 


782 


535,824 


392,223,168 


27-055 


9-012 


•00l366 


864511 


593 


788 


537,289 


393,832,837 


27-074 


9-016 


-001364 


865104 


592 


784 


538,756 


395,446,904 


27-092 


9-020 


-001362 


865696 


591 


786 


540,226 


397,065,375 


27-111 


9-023 


•001361 


866287 


690 


786 


541,696 


398,688,256 


27-129 


9-029 


-001359 


866878 


689 


787 


543,169 


400,316,553 


27'148 


9-033 


-001367 


867467 


689 


788 


544,644 


401,947,272 


27-166 


9-037 


•001365* 


868056 


688 


789 


546,121 


403,583,419 


27-184 


9-041 


-001353 


868644 


687 


740 


547,600 


405,224,000 


27-203 


9-045 


-001361 


869232 


586 


741 


549,081 


406,869,021 


27-221 


9-049 


-001350 


869818 


586 


742 


550,564 


408,518,488 


27-239 


9-053 


-001348 


870404 


585 


748 


652,049 


410,172,407 


27-268 


9-057 


•001346 


870989 


584 


744 


553,536 


411,830,784 


27-276 


9-061 


-001344 


871573 


583 


746 


556,025 


413,493,625 


27-295 


9-066 


-001342 


872156 


583 


746 


566,516 


415,160.936 


27-313 


9-069 


-001340 


872739 


582 


747 


558,009 


416,832;723 


27-331 


9-073 


-001339^ 


873321 


581 


748 


569,504 


418,508,992 


27-349 


9-077 


-001337 


873902 


680 


749 


561,001 


420,189,749 


27-368 


9-081 


•001335 


874482 


679 



O.E. 
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OAB bnoikskr's POCKBT-BOOK. 



No. 
760 


SquATe. 


Cube. 


Square 
Root 


Cube 
Root 


Recip- 
rocal. 


Loga* 

rithm. 


Differ- 
ence. 


562,500 


421,875,000 


27-386 


9-086 


•001S33 


875061 


579 


761 


564,001 


428,664,761 


27-404 


9-089 


-001332 


875640 


678 


762 


565,504 


424,625,900 


27-428 


9094 


-001330 


876218 


677 


763 


567,009 


426,957,777 


27-441 


9-098 


-001328 


876795 


676 




764 


568,516 


428,661,064 


27-459 


9-102 


-001326 


877371 


676 




765 


570,025 


430,368,875 


27-477 


9-106 


•001326 


877947 


575 




766 


57;,536 


432,081,216 


27-495 


9-109 


•001328 


878622 


574 




767 


573,049 


433,798,093 


27-614 


9114 


•001321 


879096 


573 




768 


574,564 


435,519,512 


27-632 


9-118 


•001319 


879669 


673 




769 


576,081 


437,245,479 


27-549 


9-122 


•001318 


880242 


672 




700 


577,600 


438,976,000 


27-568 


9126 


-001316 


880814 


571 




761 


579,121 


440,711,081 


27-586 


9-129 


•00] 314 


881385 


570 




762 


580,644 


442,450,728 


27-604 


9-134 


•001312 


881956 


570 




768 


582,169 


444,194,947 


27-622 


9-138 


-001311 


882625 


669 




764 


583,696 


445,943,744 


27-640 


9-142 


•001309 


883093 


568 




766 


586,225 


447,697,125 


27-659 


9-146 


-001307 


883661 


667 




766 


586,756 


449,455,096 


27-677 


9-149 


•001306 


884229 


566 




767 


588,289 


461,217,663 


27-695 


9-164 


•001304 


884795 


666 




768 


589,824 


452,984,832 


27-713 


9-158 


•001302 


886361 


665 




769 


591,361 


454^756,609 


27-731 


9-162 


•001300 


886926 


665 




770 


592,900 


456,638,000 


27-749 


9166 


•001299 


886491 


564 




771 


694,441 


458,314,011 


27-767 


9-169 


•001297 


887054 


563 




772 


595,984 


460,099,648 


27-786 


9-173 


•001296 


887617 


562 




778 


597,529 


461,889,917 


27-803 


9-177 


•001294 


888179 


562 




774 


599,076 


463,684,824 


27-821 


9-181 


•001292 


888741 


561 




776 


600,625 


465,484,375 


27-839 


9-185 


•001290 


889302 


560 




776 


602,176 


467,288,676 


27-867 


9-189 


•001289 


889862 


659 




777 


603,729 


469,097,433 


27-875 


9-193 


•001287 


890421 


659 




778 


605,284 


470,910,962 


27-893 


9-197 


•001286 


890980 


558 




779 


606,841 


472,729,139 


27-910 


9-201 


•001284 


891637 


558 




780 


608,400 


474,552,000 


27-928 


9-206 


•001282 


892095 


656 




781 


609,961 


476,379,641 


27-946 


9-209 


•001280 


892661 


556 




782 


611,524 


478,211,768 


27-964 


9-213 


•001279 


898207 


556 




788 


613,089 


480,048,687 


27-982 


9-217 


•001277 


893762 


564 




784 


614,656 


481,890,304 


28-000 


9-221 


•001276 


894316 


654 




786 


616,225 


483,736,625 


28-017 


9-225 


-001274 


894870 


653 




786 


617,796 


486,687,656 


28-086 


9-229 


•001272 


896428 


662 




787 


619,369 


487,443,403 


28-053 


9-233 


•001271 


895976 


661 




788 


620,944 


489,3a3,872 


28-071 


9-237 


•001269 


896626 


661 




789 


622,521 


491,169,069 


28-089 


9-240 


•001267 


897077 


660 




790 


624,100 


498,039,000 


28-107 


9-244 


-001266 


897627 


649 




791 


625,681 


494,913,671 


28-125 


9-248 


•001264 


898176 


649 




792 


627,624 


496,793,088 


28-142 


9-262 


-001263 


898725 


548 




793 


628,849 


498,677,267 


28-160 


9-266 


-001261 


899278 


647 




794 


630,436 


600,566,184 


28-178 


9-260 


•001259 


899821 


546 
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No. 
796 


Square. 


Cube. 


Square 
Root. 


Cube 
Root. 


Recip- 
rocaL 

•001258 


Loga- 
rithm. 


Differ- 
ence. 


632,025 


502,459,875 


28-196 


9-264 


900367 


646 


796 


633,616 


504,358,336 


28-213 


9-268 


•001256 


900913 


645 


797 


635,209 


506,261,573 


28-231 


9-271 


•001265 


901458 


545 


798 


636,804 


508,169,592 


28-249 


9-276 


•001263 


902003 


544 


799 


638,401 


510,082,399 


28-266 


9-279 


•001261 


902647 


543 


800 


640,000 


512,000,000 


28-284 


9-283 


•001250 


903090 


542 


801 


641,601 


513,922,401 


28-302 


9-287 


•001248 


903633 


541 


802 


643,204 


515,849,608 


28-319 


9-291 


•001247 


904174 


541 


803 


644,809 


517,781,627 


28-337 


9-296 


-001245 


904716 


540 


804 


646,416 


519,718,464 


28-355 


9-299 


-001244 


905266 


540 


806 


648,025 


521,660,125 


28-372 


9-302 


•001242 


906796 


539 


806 649,636 


523,606,616 


28-390 


9-306 


•001241 


906335 


638 


807 


651,249 


525,557,943 


28-408 


9-310 


•001239 


906874 


537 


808 


652,864 


527,514,112 


28-425 


9-314 


•001238 


907411 


637 


809 


654,481 


529,475,129 


28-443 


9-318 


•001236 


907949 


536 


810 


656,100 


531,441,000 


28-460 


9-321 


•001235 


908485 


636 


811 ! 667,721 


533,411,731 


28-478 


9-325 


•001233 


909021 


635 


818 


659,344 


535,387,328 


28-496 


9-329 


•001232 


909656 


535 


818 ' 660,969 


637,366,797 


28-513 


9-333 


•001230 


910091 


534 


814 662,596 


539,853,144 


28-631 


9-337 


•001229 


910624 


633 


816 664,225 


541,343,375 


28-548 


9-341 


•001227 


911168 


633 


816 


665,856 


543,338,496 


28-566 


9-345 


•001226 


911690 


533 


817 


667,489 


545,338,513 


28-683 


9-348 


•001224 


912220 


532 


818 669,124 


547,343,432 


28-601 


9-362 


•001222 


912763 


631 


819 670,761 


549,353,259 


28-618 


9-356 


•001221 


913284 


630 


890 672,400 


551,368,000 


28-636 


9-360 


•001220 


913814 


629 


821 


674,041 


553,387,661 


28-653 


9-364 


•001218 


914343 


629 


822 675,684 


555,412,248 


28-670 


9-367 


•001217 


914872 


628 


823 677,329 


557,441,767 


28-688 


9-371 


•001216 


915400 


527 


824 678,976 


559,476,224 


28-706 


9-375 


•001214 


915927 


527 


826 680,625 


561,515,625 


28-723 


9-379 


•001212 


916454 


626 


826 


682,276 


568,559,976 


28-740 


9-383 


•001211 


916980 


526 


827 


688,929 


565,609,283 


28-768 


9-386 


•001209 


917606 


625 


828 , 685,584 


567,663,652 


28-775 


9-390 


•001208 


918030 


524 


829' 


687,241 


569,722,789 


28-792 


9-394 


•001206 


918655 


623 


880 


688,900 


571,787,000 


28-810 


9-398 


•001205 


919078 


523 


831 ^ 690,561 


673,866,191 


28-827 


9-401 


•001203 


919601 


522 


882 ; 692,224 


575,930,368 


28-844 


9-405 


•001202 


920123 


622 


833 693,889 


578,009,537 


28-862 


9-409 


•001200 


920646 


521 


834 695,556 


580,093,704 


28-879 


9-413 


•001199 


921166 


520 


886 697,225 


582,182,875 


28-896 


9-417 


•001198 


921686 


620 


836 698,896 


584,277,066 


28-914 


9-420 


•001196 


922206 


619 


837 700,569 


586,376,253 


28-931 


9-424 


•001195 


922725 


519 


838 < 702,244 


588,480,472 


28*948 


9-428 


•001193 


923244 


518 


839 . 708,921 


590,689,719 


28-965 


9-432 


•001192 


923762 


617 



d 2 
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OAS KNOIHBint'a POOKKT-BOOK. 



No. 
840 


Square. 


Cube. 


Square 
Root. 


Cube 
Boot. 


Recip- 
rocal. 


Loga- 
rithm. 


Differ- 
ence. 


705,600 


592,704,000 


28-983 


9-435 


-001190 


924279 


517 


841 


707,281 


594,828,821 


29-000 


9-489 


-001189 


924796 


516 


842 


708,964 


596,947,688 


29-017 


9-443 


•001188 


925312 


516 


843 


710,649 


599,077,107 


29-034 


9-447 


-001186 


926828 


515 


844 


712,336 


601,211,584 


29-052 


9-450 


•001185 


926342 


514 


846 


714,025 


603,361,125 


29-069 


9-454 


-001183 


926857 


613 




715,716 


606,496,736 


29-086 


9-458 


•001182 


927370 


513 


847 


717,409 


607,645,423 


29103 


9-461 


-001181 


927883 


513 


848 


719,104 


609,800,192 


29-120 


9-466 


-001179 


928396 


512 


fnso 


720,801 


611,960,049 


29-138 


9-469 


•001178 


928908 


511 


850 


722,500 


614,125,000 


29-165 


9-478 


•001176 


929419 


611 


851 


724,201 


616,295,051 


29-172 


9-476 


-001176 


929930 


510 


852 


725,904 


618,470,208 


29-189 


9-480 


•001174 


930440 


509 


858 


727,609 


620,660,477 


29-206 


9-483 


•001172 


930949 


509 


854 


729,816 


622,835,864 


29-223 


9-487 


•001171 


931468 


608 


855 


731,025 


626,026,375 


29-240 


9-491 


-001170 


931966 


508 


856 


732,736 


627,222,016 


29-267 


9-495 


-001168 


932474 


507 


857 


734,449 


629,422,793 


29-274 


9-499 


-001167 


932981 


606 


858 


736,164 


631,628,712 


29-292 


9-502 


-001166 


933487 


606 


859 


737,881 


633,839,779 


29-309 


9-606 


-001164 


933993 


505 


860 


739,600 


636,066,000 


29-326 


9-509 


•001168 


934498 


505 


861 


741,321 


638,277,381 


29-343 


9-613 


•001161 


935003 


504 


862 


743,044 


640,503,928 


29-360 


9-617 


•001160 


936607 


504 


868 


744,769 


642,735,647 


29-377 


9-620 


•001169 


936011 


603 


864 


746,496 


644,972,644 


29-394 


9-524 


•001157 


93661 4 


602 


865 


748,225 


647,214,625 


29-411 


9-528 


•001166 


937016 


502 


866 


749,966 


649,461,896 


29-428 


9-532 


•001165 


987618 


501 


867 


751,689 


651,714,363 


29-446 


9-636 


•001163 


938019 


601 


868 


753,42^ 


663,972,032 


29-462 


9-539 


•001162 


938620 


500 


869 


755,161 


666,234,909 


29-479 


9-643 


•001161 


939020 


499 


870 


756,900 


668,503,000 


29-496 


9-546 


•001149 


939519 


499 


871 


758,641 


660,776,311 


29-613 


9-650 


•001148 


940018 


498 


872 


760,384 


663,054,848 


29-629 


9-554 


-001147 


940516 


498 


878 


762,129 


665,388,617 


29-646 


9-567 


-001145 


941014 


497 


874 


763,876 


667,627,624 


29-663 


9-561 


•001144 


941611 


497 


875 


765,625 


669,921,875 


29-680 


9-566 


•001143 


942008 


496 


876 


767,376 


672,221,376 


29-597 


9-668 


•001142 


942604 


496 


877 


769,129 


674,526,133 


29-614 


9-572 


•001140 


943000 


495 


878 


770,884 


676,836,162 


29-631 


9-576 


•001139 


943495 


494 


879 


772,641 


679,161,439 


29-648 


9-679 


•001138 


943989 


494 


880 


774,400 


681,472,000 


29-665 


9-683 


•001136 


944488 


493 


881 


776,161 


683,797,841 


29-682 


9-686 


•001136 


944976 


493 


882 


777,924 


686,128,966 


29-698 


9-590 


•001134 


945469 


492 


883 


779,689 


688,466,387 


29-715 


9-594 


•001133 


945961 


491 


884 


781,466 


690,807,104 


29-732 


9-597 


•001131 


946452 


491 
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No. 
885 


Square. 


Cabe. 


Square 
Root 


Cube 
Root 


Becip- 
rocaL 


Loga- 
rithm. 


Differ- 
ence. 


783,225 


693,154,125 


29-749 


9-601 


•001130 


946943 


490 


886 


784,996 


695,506,456 


29*766 


9-604 


-001129 


947434 


490 


887 


786,769 


697,864,103 


29-782 


9-608 


-001127 


947924 


489 


888 


788,544 


700,227,072 


29-799 


9-612 


-001126 


948413 


489 


889 


790,321 


702,595,369 


29-816 


9-615 


-001125 


948902 


488 


890 


792,100 


704,969,000 


29-833 


9-619 


-001124 


949390 


488 


891 


793,881 


707,347,971 


29-860 


9-623 


-001122 


949878 


487 


892 


795,664 


709,732,288 


29-866 


9-626 


-001121 


950366 


486 


898 


797,449 


712,121,967 


29-883 


9-630 


-001120 


960861 


486 


894 


799,236 


714,616,984 


29-900 


9-633 


-001119 


951338 


485 


896 


801,025 


716,917,375 


29-916 


9-637 


•001118 


961823 


485 


896 


802,816 


719,323,136 


29-938 


9-640 


•001116 


962308 


484 


897 


804,609 


721,734,273 


29-960 


9-644 


-001116 


962792 


484 


898 


806,404 


724,150,792 


29-967 


9-648 


-001114 


963276 


484 


899 


808,201 


726,572,699 


29-983 


9-651 


-001112 


963760 


483 


900 


810,000 


729,000,000 


30-000 


9-655 


•001111 


964243 


482 


901 


811,801 


731,432,701 


30-017 


9-658 


-001110 


964726 


482 


902 


813,604 


733,870,808 


30-033 


9-662 


-001109 


966207 


481 


908 


815,409 


736,314,327 


30-060 


9-666 


•001107 


956688 


480 


904 


817,216 


738,763,264 


30-066 


9-669 


•001106 


966168 


480 


905 


819,025 


741,217,626 


30-083 


9-673 


•001106 


966649 


479 


906 


820,836 


743,677,416 


80-100 


9-676 


•001104 


967128 


479 


907 


822,649 


746,142,643 


30-116 


9-680 


•001103 


967604 


478 


908 


824,464 


748,613,312 


30-138 


9-683 


•001101 


958086 


478 


909 


826,281 


751,089,429 


30-150 


9-687 


•001100 


958564 


477 


910 


828,100 


753,671,000 


30-163 


9-690 


-001099 


969041 


477 


911 


829,121 


756,068,031 


30-183 


9-694 


•001098 


969518 


477 


912 


831,744 


768,660,628 


30-199 


9-698 


-001096 


969996 


476 


918 


833,569 


761,048,497 


30-216 


9-701 


-001096 


960471 


475 


914 


835,396 


763,651,944 


30-232 


9-705 


-001094 


960946 


475 


915 


837,225 


766,060,876 


30-249 


9-708 


•001093 


961421 


474 


916 


839,056 


768,675,296 


30-265 


9-712 


•001092 


961895 


474 


917 


840,889 


771,095,213 


30-282 


9-716 


•001091 


962363 


474 


918 


842,724 


773,620,632 


30-298 


9-718 


-001089 


962843 


473 


919 


844,561 


776,151,569 


30-315 


9-722 


•001088 


963316 


473 


920 


846,400 


778,688,000 


30-331 


9-726 


•001087 


963788 


472 


921 


848,241 


781,229,961 


30-348 


9-729 


-001086 


964260 


471 


922 


850,084 


783,777,448 


30-364 


9-733 


-001086 


964731 


471 


928 


851,929 


786,330,467 


30-381 


9-736 


-001083 


966202 


470 


924 


853,776 


788,889,024 


30-397 


9-740 


-001082 


965672 


470 


925 


855,625 


791,453,125 


80-414 


9-743 


•001081 


966142 


469 


926 


857,476 


794,022,776 


30-430 


9-747 


•001080 


966611 


469 


927 


859,329 


796,597,983 


80-447 


9-750 


-001079 


967080 


468 


928 


861,184 


799,178,752 


80-463 


9-754 


-001078 


967548 


468 


920 


863,041 


801,765,089 


30-479 


9-757 


-001076 


968016 


467 
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No. 
980 


Square. 


Cube. 


Square 
Root. 


Cube 
Root. 


Recip- 
rocal. 


Loga- 
rithm. 


Differ- 
ence. 


864,900 


804,357,000 


30-496 


9-761 


-001075 


968483 


467 


931 


866,761 


806,954,491 


30-512 


9-764 


-001074 


968950 


466 


982 


868,624 


809,557,568 


30'529 


9-768 


-001073 


969416 


466 


938 


870,489 


812,166,237 


30-545 


9-771 


-001072 


969882 


465 


984 


872,356 


814,780,504 


30-561 


9-776 


-001071 


970347 


465 


936 


874,225 


817,400,375 


30-578 


9-778 


•001070 


970812 


464 


986 


876,096 


820,025,856 


30-594 


9-783 


-001068 


971276 


464 


987 


877,969 


822,656,953 


30-610 


9-785 


-001067 


971740 


463 


988 


879,844 


825,293,672 


30-627 


9-789 


•001066 


972203 


463 


989 


881,721 


827,936,019 


30-643 


9-792 


-001065 


972666 


462 


940 


883,600 


830,584,000 


30-659 


9-796 


•001064 


973128 


462 


941 


885,481 


833,237,621 


30-676 


9-799 


•001063 


973590 


461 


942 


887,364 


835,896,888 


30-692 


9-803 


•001062 


974051 


461 


948 


889,249 


838,561,807 


30-708 


9-806 


•001060 


974512 


460 


944 


891,136 


841,232,284 


30-724 


9-810 


•001059 


974972 


460 


946 


893,025 


843,908,625 


30-741 


9-813 


-001058 


975432 


459 


946 


894,916 


846,590,536 


30-767 


9-817 


•001057 


975891 


459 


947 


896,809 


849,278,123 


30-773 


9-820 


-001056 


976350 


458 


Qdft 


898,704 


851,971,392 


30-790 


9-823 


•001055 


976808 


458 


949 


900,601 


854,670,349 


30-806 


9-827 


-001054 


977266 


457 


960 


902,500 


857,375,000 


30-822 


9-830 


-001053 


977724 


457 


961 


904,401 


860,085,351 


30-838 


9-834 


•001052 


978181 


456 


962 


906,304 


862,801,408 


30-854 


9-837 


-001050 


978637 


456 


963 


908,209 


865,523,177 


30-871 


9-841 


•001049 


979098 


455 


964 


910,116 


868,250,664 


30-887 


9-844 


•001048 


979548 


455 


966 


912,025 


870,983,875 


30-903 


9-848 


-001047 


980003 


455 


966 


913,936 


873,722,816 


30-919 


9-851 


-001046 


980458 


454 


967 


915,849 


876,467,493 


30-935 


9-854 


•001045 


980912 


454 


968 


917,764 


879,217,912 


30-951 


9-858 


•001044 


981366 


453 


969 


919,681 


881,974,079 


30-968 


9-861 


•001043 


981819 


452 


960 


921,600 


884,736,000 


80-984 


9-865 


-001042 


982271 


452 


961 


923,521 


887,503,681 


31-000 


9-868 


•001041 


982723 


452 


962 


925,444 


890,277,128 


31-016 


9-872 


•001040 


983175 


451 


963 


927,369 


893,056,347 


31-032 


9-875 


•001038 


988626 


451 


964 


929,296 


895,841,344 


31-048 


9-878 


-001037 


984077 


450 


966 


931,225 


898,632,125 


31-064 


9-881 


-001036 


984527 


450 




933,156 


901,428,696 


31-080 


9-885 


•001035 


984977 


449 


967 


935,089 


904,231,063 


31-097 


9-889 


-001034 


985426 


449 


968 


937,024 


907,039,232 


31-113 


9-892 


-001033 


985875 


449 


969 


938,961 


909,853,209 


31-129 


9-896 


-001032 


986324 


448 


970 


940,900 


912,673,000 


31-145 


9-899 


•001031 


986772 


447 


971 


942,841 


915,498,611 


31-161 


9-902 


•001030 


987219 


447 


972 


944,784 


918,330,048 


31-177 


9-906 


-001029 


987666 


447 


973 


946,729 


92i;i67,317 


81-193 


9-909 


-001028 


988113 


446 


974 


948,676 


924,010,424 


31-209 


9-912 


•001027 


988569 


446 
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No. 
975 


Bqnare. 


lOube. 


Square 
Root 


Cube 
Root 


Recip- 
rocal 


Loga- 
rithm. 


Differ- 
ence. 


950,625 


926,859,376 31*225 


9-916 


*001026 


989005 


445 


976 


952,576 


929,714,176 ;31-241 


9-919 


•001025 


989450 


445 


977 


954,529 


932,574,833 31 257 


9-923 


*001024 


989895 


444 


978 


956,484 


935,441,352 31273 


9-926 


•001022 


990339 


444 


979 958,441 


938,313,739 31*289 


9*929 


*001021 


990783 


443 


980 960,400 


941,192,000 31-305 


9-933 


*001020 


991226 


443 


981 


962,361 


944,076,141 31-321 


9-936 


•001019 


991669 


442 


982 


964,324 


946,966,168 31337 


9-940 


•001018 


992111 


442 


983 


966,289 


949,862,087 31*353 


9*943 


•001017 


992554 


441 


984 


968,256 


952,763,904 31*369 


9*946 


•001016 


992995 


441 


985 970,225 


955,671,625 ;31-385 


9*950 


•001015 


993436 


441 


986 


972,196 


958,585,256 '31*401 


9-953 


•001014 


993877 


440 


987 


974,169 


961,504,803 j31*416 


9*956. 


•001013 


994317 


440 


988 


976,144 


964,430,272 131*432 


9-960 


•001012 


994757 


439 


989 


978,121 


967,861,669 j31*448 


9-963 


•001011 


995196 


439 


990 


980,100 


970,299,000 31*464 


9-966 


•001010 


995635 


439 


991 


982,081 


973,242,271 31*480 


9-970 


•001009 


996074 


438 


992* 984,064 


976,191,488 ;31-496 


9*973 


•001008 


996512 


437 


998' 


986,049 


979,146,657 31-512 


9-977 


•001007 


996949 


437 


994 


988,036 


982,107,784 31*528 


9*980 


•001006 


997386 


437 


995 


990,025 


985,074,875 31-544 


9*983 


•001005 


997823 


436 


WD 


992,016 


988,047,936 31-559 


9-987 


•001004 


998259 


436 


997 


994,009 


991,026,973 31*575 


9*990 


•001003 


998695 


435" 


998 


996,004 


994,011,992 31*591 


9*993 


•001002 


999131 


434 


999 


998,001 


997,002,999 ,31*607 


9-997 


•001001 


999565 




1000 


1.000,000 


1,000,000,000 31*623 


10-000 


•001000 







The common Logarithm of any number is the power to which, if 
10 be raised, the said number is the result thus : — 

10* = 100 therefore Log. = 2- 
Kfi-^ = 263 „ „ = 2-42 

10-«-«8 = .0263 „ „ =242 

To multiply by the aid of logardhnu — add the logarithms of the 
numbei-s together and find the corresponding number of the logarithm 
obtained. 

2'o divide by the aid of logaiithiM — subtract one logarithm from the 
other. 

lb eoBtraet any root — divide the logarithm by the index of the root 
and find the corresponding number of the logarithm obtained. 

To raise a numoer to any power — multiply the logarithm of the 
number by the index of the power, and find the corresponding 
number of the logarithm obtained. 

To find proportion by the aid of logarithmt-^iadd together the 
logarithms of the second and third terms and subtract the logarithm 
of the first term ; ythe answer is the corresponding number of the 
logarithm obtained. 
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To find Area of a Segment of a Circle. — From the area of a sector 
haying same arc subtract the area of triangle whose 2 sides = radius 
of circle and base = chord of segment. 

The yolTime of a sphere = diameter ' x '5236. 

Area of oval = major diameter x minor diameter x *7854. 

To find the Length of a Side, the diameter being given : — 

For a Hexagon, multiply the diameter by -577 
Octagon, „ „ „ „ -414 

Decagon, „ „ „ „ -325 

Dodecagon, „ „ „ „ '268 

The square of any number containing a fraction equals the whole 
number multiplied by its next Higher digit + the square of the 
fraction, as follows : — 

(8J)2 = 8 X 9 +i 

(8i)2 = 8 X 8i + x^ 
(8i)2 = 8 X 8J + ^ 



Properties of the Circle. 

Circumference = diameter x 3-1416 or 3f 
Diameter x '8862 ^ side of equal square. 
Diameter x '7071 = „ inscribed square. 
Diameter* X "7854 = area of circle. 
Length of arc of circle = no. of degrees X '017453, 



H Cottingent -.»( 




f — Cosine — -mniiMti 
I Radius ■'• 
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square miles. 



Square yards x *O0OOOO323 ^ 

Acres x '0016625 = 

27,878,400 square feet = 

3,097,600 square yards = 

640 acres = 

2-471143 „ =- 

1 ,, 

1 chain wide 



1 
1 
1 









= 1 hectare. 

= 10 square chains. 

:= 8 acres per mile. 



Cubic Xeainre. 

inchea. feet. yaMs. 

1= •0006788= -00002144 
1,728= 1 = -03704 

46,656 = 27 =1 



cable metres. 
•000016386 
•028315 
•764613 



Ale and Beer Xeaiure (uied for ammonii^al liquorV 

gills. 
4 = 
8 = 
32= 8= 4= 1 gallon. 

9 = 1 firkin. 
18= 2 = 1 kilderkin. * ^ 

36 = 4 = 2 = 1 barrel. 

_, _. 64= 6 = 3 = 1-5 = 1 hogshead. 

2,304 = 576 = 288= 72= 8 = 4 = 2 = 1-d = 1 puncheon 
3,356 = 864 = 432 = 108 = 12 = 6 = 3 =2 = 1-5 = 1 butt 



1 pint. 

2 = 1 quart. 
8= 4 = 

72= 36 = 

576 = 144= 72 = 

1,152 = 288 = 144 = 

1,728 = 432 = 216 = 



288 = 



Measares of Capaeity, or Dry Xeasure. 



pints. 
1 = 

8=: 

16 = 
64 = 
512 = 
2560=S20J 
5120^640 



galls. 
-125" 

1 

2 

8 
64 



pecks, bushels, qnarten 

-0625= -01562= -00195 

•5 = -125 = 

1 = -26 =s 



= 4 
= 82 
= 160 
= 820 



= 1 
= 8 
=40 
=80 



0156 a 
03125 = 
125 = 



weys. 

•00089= 
•00812= 
•00625 = 
•025 = 



= 1 
» 5 

!=10 



= -2 
= 1 
= 2 



last. 

-000195 i» 

-00156 = 

-00812 = 

•0125 = 

•1 = 
•5 



= 1 



cubic feet 
■020061 
-16046 
•82092 
1-28867' 
10^269 
51-847 



= 102-69 



litres. 
•6679 
a 4-54S 
« 9-087 
« 86-84766 
« 290-781 
= 1458-906 
=2907-81 



Cubic inches x 
X 
X 
X 
X -00005635 = quarters. 






»> 






-028848 
•014424 
•003606 
•0004508 



^ pints. 
=: quarts. 
= gallons. 
=: l)ushel& 



)) 



» 



1 pint = 34-66 cubic inches. 

1 gallon = 277-27384 cubic inches = 10 lbs. distilled water. 



Cubic feet X 
Cubic inches X 
Cubic feet X 
Cubic inchei X 



6-2355 = gallons. 
•003607 
•78 
*00046 



»» 



ss bushels. 



ft 
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Deeinialf of £1 Sterling. 



Peneeand 










Shillings. 




id. 


id. 


id. 





• « • 


•0010416 


•002086 


•003126 


1 


•00416 


•0052086 


•00625 


•0072916 


2 


•008S 


•009375 


•010416 


•0114586 


3 


•0125 


•0135416 


•014686 


•016625 


4 


•016 


•0177086 


•01875 


•0197916 


6 


•02085 


•021875 


•022916 


•0239686 


6 


•025 


•026416 


•027086 


•028125 


7 


•02916 


•0302086 


•03125 


•0322916 


8 


•OS 


•034375 


•036416 


•0364686 


9 


•0375 


•0385416 


•039586 


•040625 


10 


•0416 


•0427086 


•04375 


•0447916 


11 


•04583 


•046875 


•047916 


•0489686 


1-0 


•05 


•0510416 


•062086 


•063126 


11 


•05416 


•0552086 


•06625 


•0672916 


1-2 


•0583 


•059375 


•060416 


•0614686 


IS 


•0625 


•0635416 


•064686 


•065625 


1-4 


•06 


•0677086 


•06876 


•0697916 


1-5 


•07086 


•071875 


•072916 


•0739586 


1-6 


•075 


•0760416 


•077086 


•078125 


1-7 


•07916 


•0802086 


•08125 


•0822916 


1-8 


•086 


•084375 


•085416 


•0864686 


1-9 


•0875 


•0885416 


•089586 


•090625 


1-10 


•0916 


•0927086 


•09375 


•0947916 


1-11 


•09586 


•096875 


•097916 


•0989686 


20 


•1 


8-0 


•4 1 140 


•7 


80 


•15 


9-0 


•45 1 15-0 


•75 


4*0 


•2 


10-0 


•5 160 


•8 


5-0 


•25 


110 


•5& 


17-0 


•85 - 


6-0 


•s 


12-0 


•6 


18-0 


•9 


7'0 


•86 


130 


•65 


190 


•95 



To OonTort £ i. d. into Deeimali of £1 by Inipeotion (approzi- 
nuttoly). — Place the £'8 before the decimal point ; in the first place, 
after the decimal point, insert the florins or half the even number of 
shillings ; fill the second and third places with the number of farthings 
in any odd shilling, pence, and mrthings, adding thereto 1 if the 
number of farthings be 24, 2 if 48, and 3 if 72 or more (the number 
of farthings can never amount to 96, because 96 farthings =2/-= •I). 

By this rule the error cannot amount to 1 farthing. 
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Deoimali of 1 Ovt. 







Qrs. 


Qnu 


Qrs. 








1 


3 


8 


• • • 


•25 


•5 


•76 


1 


-008928 


•258928 


•508928 


•768928 


% 


•017857 


•267857 


•517857 


•767867 


8 


•026786 


•276786 


•526786 


•776786 


4 


•035714 


•285714 


•535714 


•785714 


6 


•044643 


•294643 


•544643 


•794648 


6 


•053571 


•303571 


•553671 


•803671 


7 


•0625 


•3125 


•5626 


•8125 


8 


•071468 


•321458 


•571458 


•821458 


9 


•080357 


•330357 


•580357 


•830357 


10 


•089286 


•339286 


•589286 


•839286 


11 


•098214 


•348214 


•598214 


•848214 


12 


•107143 


•357143 


•607143 


•857143 


13 


•116071 


•366071 


•616071 


•866071 


14 


•125 


•375 


•625 


•875 


16 


•133928 


•383928 


•633928 


•883928 


16 


•142856 


•392856 


•642856 


•892866 


17 


•151785 


•401785 


•651785 


•901785 


18 


•160714 


•410714 


•660714 


•910714 


19 


•169643 


•419643 


•669643 


•919648 


20 


•178572 


•428572 


'678672 


•928672 


21 


•1875 


•4375 


•6875 


•9375 


22 


•1 96428 


•446428 


•696428 


•946428 


23 


•205357 


•455357 


•705367 


•965367 


24 


•214286 


•464286 


•714286 


•964286 


26 


•223214 


•473214 


•723214 


•973214 


26 


•232143 


•482143 


•732143 


•982143 


27 


•241071 


•491071 


•741071 


•991071 


Oa. 




Ozs. 




On. 




1 


•000558 


7 


•003906 


13 


•007254 


2 


•001116 


8 


•004464 


14 


•007812 


3 


•001674 


9 


•005028 


16 


•008870 


4 


•002232 


10 


•005580 


i 


•000189 


6 


•002790 


11 


•006138 


i 


•000279 


6 


•003848 


12 


•006696 


f 


•000418 



DECIMAL EQUIVALBNT8. 

Decimals of 1 Mile. 
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600 yards 


•284091 


20 yards 


•011364 


1 foot 


•0001894 


400 „ 


•227222 


10 „ 


•005682 


11 inches 


•000174 


300 „ 


•170454 


9 „ 


•005114 


10 „ 


•000158 • 


200 „ 


•113036 


8 ,, 


•004545 


9 » 


•000142 


100 „ 


•056818 


7 ., 


•003977 


8 „ 


•000126 


90 „ 


•051136 


6 „ 


•003409 


7 „ 


•000111 


80 „ 


•045454 


5 „ 


•002841 


6 „ 


•000096 


70 „ 


•039773 


4 ,j 


•002273 


6 » 


•000079 


60 „ 


•034091 


8 „ 


•001704 


4 )> 


•000063 


50 „ 


•028409 


2 „ 


•001136 


3 „ 


•000047 


40 „ 


•022727 


1 „ 


•000568 


2 „ 


•000032 


30 „ 


•017046 


2 feet 


•000379 


1 .. 


•000016 





Decimals of 1 Tear of 366 Days. 




300 days 


•8^1918 


9 days 


•024667 


9 hours 


•001026 


200 „ 


•547945 


8 „ 


•021918 


8 jj 


•000912 


100 „ 


•273975 


7 „ 


•019178 


7 „ 


•000798 


90 „ 


•246675 


6 „ 


•016438 


6 „ 


•000684 


80 „ 


•219178 


6 „ 


•013698 


5 .„ 


•000576 


70 „ 


•191781 


4 „ 


•010959 


4 „ 


•000456 


60 „ 


•164383 


3 „ 


•008219 


3 „ 


•000342 


50 „ 


•136986 


2 „ 


•005479 


2 „ 


•000228 


40 „ 


•109589 


1 » 


•002739 


1 » 


•000114 


30 „ 


•082192 


12 hours 


•001369 


l» 


•000085 


20 „ 


•054794 


11 » 


•001254 


i» 


•000057 


10 „ 


•027397 


10 „ 


•001140 


i„ 


•000028 



Decimal Equivaleiits of an Inch. 



if 

tt 

i 
tt 
ft 

tt 


•015626 

•03125 

•046875 

•0625 

•078126 

•09376 

•109376 

•125 

•140625 

•15625 < 

•171875 

•1875 

•203125 

•21876 

•234375 

•25 

•266625 

•28126 

•296876 

•3125 

•328125 


8 

8 
8 

8 

«" 

i 
8 

8 
8 

b' 

b" 
f 

tt 
tt 


•34375 

•359876 

•376 

•390625 

•40625 

•421876 

•4375 

•453l2'& 

•46875 

•484375 

•5 

•515625 

•53125 

•546875 

•5625 

•578125 

•59375 

•609475 

•525 

•640626 

•66626 


tt 
tt 

> 

tt 

8 
8 

". 

8 
8 

% 

tt 
tt 


•671876 

•6876 

•703125 

•71876 

•734376 

•76 

•765625 

•78126 

•796876 

•8126 

•828126 

•84376 

•859376 

•875 

•890626 

•90626 

•921875 

•9376 

•953125 

•96875 

•984375 
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Inehei and rraetions of Inehei in Beoimals of 1 foot. 









1 


2 


8 


4 


6 

•4167 


6 


7 


8 


9 


10 

•8888 


u 


•0000 


•0838 


•1667 


•2600 


•8888 


•5000 


•6838 


•6667 >7600 


•9167 


Vf 




•0026 


•0859^ 


•1693 


•2626 


•8859 


•4193- 


•6026 


•6869 


•6698 -7626 


•8869; -91931 




^ 


•0052 


•0885 


•1719 


•2552 


•3386 


•4219 


•5062 


•6886 


•6719 -7652 


•8886 


•9219 


IT 




•0078 


•0911 


•1746 


•2678 


•3411 


•4245 


•6078 


•6911 


•6746 ;-7578 


•8411 


•9246 




i 


•0104 


•0938 


•1771 


•2604 


•3488 


•4271 


•6104 


•6938 


•6771 -7604 


•8438 


•9271 


nV 




•0130 


•0964 


•1797 


•2630 


•8464 


•4297 


•6130 


•6964 


•6797 r7680 


•8464 


•9297 




A 


•0166 


•0990 


•1823 


•2656 


•3490 


•4323 


•5166 


•6990 


•6823 r7666 


•8490 


•9323 


T 




■0182 


•1016 


•1849 


•2682 


•3516 


•4349 


•5182 


•6016 


•6849 


•7682 


•8616 


•9349 




i 


•0208 


•1042 


•1875 


•2708 


•3542 


•4375 


•6208 


•6042 


•6876 


•7708 


•8642 


•9376 


A 




•0-234 


•1068 


•1901 


•2784 


•3668 


•4401 


•6284 


•6068 


•6901 


•7734 


•8668 


•9401 




A 


•0260 


•1094 


•1927 


•2760 


•3694 


•4427 


•6260 


•6094 


•6927 


•7760 


•8694 


•9427 


H 




•0286 


•1120 


•1963 


•2786 


•3620 


•4453 


•6286 


•6120 


•6958 


•7786 


•8620 


•9463 




1 


•0813 


•1146 


•1979 


•2813 


•3646 


•4479 


•6313 


•6146 


•6979 


•7818 


•8646 


•9479 


H 




•0339 


•1172 


•2005 


•2839 


•3672 


•4506 


•5339 


•6172 


•7006 


•7889 


•8672 


•9605 




tV 


•0365 


•1198 


'2031 


•2865 


•3698 


•4531 


•5366 


•6198 


•7081 


•7866' 


•8698 


•9681 


H 




•0391 


•1224 


•2057 


•2891 


•3724 


•4557 


•5391 


•6224 


•7067 


•7891 


•8724 


•9667 




i 


•0417 


•1250 


•2083 


•2917 


•3750 


•4583 


•6417 


•6250 


■7088 


•7917 


•8750 


•9683 


H 




•0443 


•1276 


•2109 


•2943 


•3776 


•4609 


•5443 


•6276 


•7109 


•7943 


•8776 


•9609 




A 


•0469 


•1302 


•2135 


•2969 


•3802 


•4635 


•5469 


•6302 


•7186 


•7969 


•8802 


•9636 


H 




•0495 


•1328 


•2161 


•2995 


•8828 


•4661 


•5496 


•6328 


•7161 


•7996 


•8828 


•9661 




f 


•0521 


•1354 


•2188 


•3021 


•3864 


•4688 


•5621 


•6354 


•7188 


•8021 


•8864 


•9688 


H 




•0547 


•1380 


•2214 


•3047 


•3880 


•4714 


•5647 


•6380 


•7214 


•8047 


•8880 -97141 




H 


•0573 


•1406 


•2240 


•8073 


•3906 


•4740 


•5573 


•6406 


•7240 


•8078 


-8906 


•9740 


If 




•0599 


•1432 


•2266 


•3099 


•3982 


•4766 


•6699 


•6432 


•7266 


•8099 


•8932 


•9766 




1 


•0625 


•1468 ^2292 


•3125 


•8968 


•4792 


■6626 


•6458 


•7292 


•8126 


•8958 


•9792 


li 




■0651 


•1484 •2318 


•3161 


•8984 


•4818 


•6651 


•6484 


•7318 


•8161 


•8984 


•9818 




H 


•0677 


•1510 ■•2344 


•3177 


•4010 


•4844 


•6677 


•6510 


•7844 


•8177 


•9010 


•9844 


H 




•0703 •1536 /2370 


•3203 


•4036 


•4870 


•6708 


•6536 


•7370 


•8203 


•9036 


•9870 




i 


•0729 '1563 1-2396 


•3229 


•4068 


•4896 


•5729 


•6663 


•7396 


•8229 


•9063 


•9896* 


H 




•0756 


•1589 ,•2422 


•326^ 


•4089 


•4922 


•6756 


•6689 


•7422 


•8266 


•9089 •9922 1 




H 


•0781 


•1616 ^2448 


•3281 


•4115 


•4948 


•6781 


•6616 


•7448 


•8281 


•9116 9948 1 


n 




•0807 


•1641 ^2474 

• 


•8807 ^4141 


•4974 


•6807 


•6641. 


•>474 •8307 


•9141 


•9974 1 



Onnces in Deoimals of 1 lb. 



0Z8. 


'Lbs. 


Ozs. 


Lbs. 


OZB. 


Lbs. 


i 


•015626 


5 


•3125 


lOi 


•65625 


i 


•03125 


H 


•34375 


11 


•6875 


f 


•046875 


6 


•375 


IH 


•71875 


1 


•0625 


6i 


•40626 


12 


•76 


H 


•09376 


7 


•4375 


12i 


•78126 


2 


•125 


n 


•46875 


13 


•8126 


H 


•15625 


8 


•5 


13* 


•84376 


3 


•1875 


H 


•53126 


14 


•876 


?* 


•21875 


9 


•5626 


14i 


•90626 


4 


.•25 


9i 


•59376 


15 


•9876 


H 


•28125 


10 


•625 • 


16^ 


•9687 



DEOIKALS OF 1 TON. 

Beoimalg of 1 Ton. 
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EqniTalent 

Metric. 

1 milligramme = 

1 centigramme - 

1 decigramme = 

1 gramme = 

I decagramme = 

1 hectogramme = 

1 kilogramme = 
1 millier or tonne = 



Weighti. 

English. 
= '0154 grain. 
= -1543 „ 
= 1-6432 „ 
= 15-4323 „ 
= -3527 oz. 
= 3-5274 „ 
= 2-20462125 Iba. 
= 19-6841 cwts. 



English. 
1 grain 
1 drachm 
1 oz. 
lib. 
1 stone 
1 quarter 
1 cwt. 

1 ton 






=i 



Metric. 
'0648 gramme. 
1-7718 
28-3495 

'4535926 kilogramme. 
6-3503 
12-7006 
50-8024 
1016-048 „ 

1-01605 metric tonne. 






Equivalent Liquid Xeasnrei. 



Metric. 
1 centilitre 
10 cubic centimetres 
1 decilitre 
1 litre 
1 decalitre 
1 hectolitre 
1 cubic metre 

English. 
1 gill or quartern ; 
1 pint 
1 quart 
1 gallon 



( - 



English. 

•0176 pint. 

•1761 „ 
•2201 gallon. 



= 2-2009 
= 22-009 
= 220-09 

Metric. 
= -1420 litre. 
= -5679 
= 1-1359 
= 4-5435 






jf 






jj 



Equivalent Measures of Length. 

Metric. 
1 millimetre = 
1 centimetre = 
1 decimetre = 



» 



1 metre 

1 decametre 
1 hectometre 



={ 



» 



1 kilometre = 



English. 

-03937 inches. 
-3937 
3-93704 
39-8704 „ 
3-2809 feet 
32-8087 ,, 
109-3623 yards. 
8J80-369 feet. 
1093-623 yards. 
-62138 mile. 



EQUIVALBNT lUCABUBBS OF LBNOTH. 
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English. 

1 isch = 

1 link = 

Ifoot = 

1 yard = 

1 fathom := 
1 rod, pole or perch = 

1 chain = 



1 furlong 
1 mile 



=1 



1 admiralty knot I 



I 



Metric. 
25*4 millimetres. 
•2012 metre. 
•3048 
•91439 
1-82878 
5-02915 
20-11662 
201-1662 

0-20117 kilometre. 
1609-3296 metres. 

1-6093296 kilometres. 



» 



Pounds 



or nautical mile 

X -00893 = cwts. 



1-85315 



}) 



»» 



X 

Square inches X 
Circular inches X 
Cylindrical inches X 
Cubic inches X 

X 
feet X 6-232 

Cylindrical inches X -002832 = 






00045 = tons. 
007 = square feet. 
00546 = „ „ 
0004546 = cubic feet. 
00058 = „ „ 
•003607 = imperial gallons. 



„ feet 
Cubic inches 



X 
X 
X 

X 
X 
X 
X 
X 
X 
Cylindrical inches x 

X 
X 
X 
X 
X 
X 
X 



»» 
j> 
>» 
n 
»f 
j» 
>» 



It 
it 
it 
it 
»> 
It 
It 



•) 

it 
ti 
?> 
»> 



4-895 
-281 
-283 
•3225 
-8037 
-26 
-4103 
-2636 

. -4908 
•2168 
•2223 
-2533 
•2385 
•2042 
•3223 
•207 
•3854 



it 



tt 
» 
11 



It 

11 
11 
11 



11 
11 

It 
11 



= lbs. avoirdupois of wrought iron. 

steel, 
copper, 
brass, 
zinc, 
lead, 
tin. 

mercury, 
wrought iron. 
steeL 
copper, 
brass, 
zinc, 
lead, 
tin. 
mercury. 



11 
11 
11 
11 
11 
11 



:i 
11 
11 
11 
11 
11 
11 
11 



Ketrie Equivalents. 

To convert grains into grammes X 

grammes into grains X 

drachms into grammes X 

ounces (avoirdupois) into grammes x 

pounds „ „ „ X 

cubic centimetres into grains X 

„ „ „ drachms x 
„ „ „ ounces (avoirdupois) x 

pints into cubic centimetres X 

litres into ounces (avoirdupois) X 

gallons into litres X 



0-065 
15-5 
3-9 
28-4 
453-6 
15-5 
0-29 
0-036 
473 
35-3 
38 
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To Convert Orammei, Decigrammes, Centigrammee and 

Xilligrammei to Grains. 






»» 



6 grammes == 92*5938 grains. 

7 „ = 108-0261 

8 „ = 123-4584 

9 „ = 138-8907 






1 gramme = 15*4323 grains. 

2 „ =33-8646 

3 „ = 46-2969 

4 „ = 61-7292 

5 „ = 771615 

For the number of grains in a decigramme shift the decimal point 
one place to the left, thus, 1 decigramme = 1*54323 grains. 

For the number of grains in a centigramme shift the decimal point 
two places to the left, thus, 1 centigramme = '154323 grains. 

For the number of grains in a milligramme shift the decimal point 
three places to the left, thus, 1 milligramme ^ -0154323 grains. 

Cabic Feet into Cnbio Metres. 



Cubic 


Cubic 


Cubic 


Cubic 


Cubic 


Cubic 


Cubic 


Cubic 


feet. 


metres. 


feet. 


metres. 


feet 


metres. 


feet. 


metres. 


1 


•0283 


31 


•8778 


61 


1-7272 


91 


2-5767 


2 


•056) 


32 


•9061 


62 


1-7555 


92 


2-6050 


8 


•0849 


83 


•9344 


63 


1-7838 


98 


2-6333 


4 


•1133 


84 


•9627 


64 


1-8122 


04 


2-6616 


5 


•1416 


36 


•9910 


66 


1-8405 


96 


2-6899 


6 


•1699 


86 


10193 


66 


1-8688 


96 


2-7182 


7 


•1982 


87 


1-0477 


67 


1-8971 


97 


2-7466 


8 


•2265 


38 


10760 


68 


1-9254 


98 


2-7749 


9 


•2548 


89 


1-1043 


69 


19537 


99 


2-8032 


10 


•2831 


40 


1-1326 


70 


1^9820 


100 


2-8315 


11 


•3115 


41 


11609 


71 


2-0104 


200 


5-663 


12 


•3398 


42 


1^1892 


72 


2-0387 


300 


8-494 


18 


•3681 


43 


1-2175 


73 


2-0670 


400 


11-326 


14 


-3934 


44 


1^2459 


74 


2-0953 


600 


14-157 


15 


-4247 


45 


1^2742 


76 


2-1236 


600 


16-989 


16 


•4530 


46 


1-3025 


76 


2-1519 


700 


19-820 


17 


-4814 


47 


1-3308 


77 


2-1803 


800 


22-652 


18 


•5097 


48 


1-3591 


78 


2-2086 


900 


25-483 


19 


•5380 


49 


1-3874 


79 


2-2369 


1,000 


28-315 


20 


•5663 


60 


1-4157 


80 


2-2652 


1,600 


42-472 


21 


-5946 


61 


1-4450 


81 


2-2935 


2,000 


56-620 


22 


-6229 


62 


1-4724 


82 


2-3218 


2600 


70-787 


23 


-6512 


68 


1-5007 


88 


2-3501 


8000 


84-944 


24 


•6795 


64 


1-5290 


84 


2-3785 


4000 


113-240 


25 


•7079 


66 


1-5573 


86 


2-4068 


6000 


141-574 


26 


•7362 


66 


1-5856 


86 


2-4351 


6000 


169-888 


27 


-7645 


67 


1-6140 


87 


2-4634 


7.000 


198-184 


28 


•7928 


68 


1-6423 


88 


2-4917 


8000 


226-480 


29 


-8211 


69 


1-6706 


89 


2-5200 


9,000 


254-814 


80 


•8494 


60 


1-6989 


90 


2-5483 


10,000 


283-148 1 
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Cubio Ketres into Cabio Feet. 



Cubic 


Cubic 


Cubic 


Cubic 


Cubic 


Cubic 


Cubic Cubic | 


nidtres 


feet 


metres 


feet 


metres 


feet 


metres 


feet 


1 


35*3156 


81 


1094-7836 


61 


2154-2516 


91 


3213-7196 


2 


70-6312 


82 


1130-0992 


62 


2189-5672 


92 


32490352 


8 


105-9468 


88 


1165-4148 


68 


2224-8828 


98 


3284-3508 


4 


141-2624 


84 


12007304 


64 


2260-1984 


94 


3319-6(>64 


5 


176-5 T80 


86 


1236-0460 


66 


2295-5140 


96 


3354-9820 


6 


211-8936 


86 


1271*3616 


66 


2330-8296 


96 


3390-2976 


7 


247-2092 


87 


1306-6772 


67 


2366-1452 


97 


3425-6132 


8 


282-5248 


88 


1341-9928 


68 


2401-4608 


98 


3460-9288 


9 


317-8404 


88 


1377-3084 


69 


2436-7764 


99 


3496-2444 


10 


3531560 


40 


1412-6240 


70 


2472-0920 


100 


3531-560 


11 


388-4716 


41 


1447-9396 


71 


2507-4076 


110 


3884-716 


12 


423-7872 


42 


1483*2552 


72 


2542-7232 


120 


4237-872 


18 


4591028 


48 


1518-5708 


78 


2578-0388 


180 


4591-028 


14 


494-4184 


44 


1553-8864 


74 


2613-3544 


140 


4944-184 


16 


629-7340 


46 


1589-2020 


76 


2648-6700 


160 


5297-340 


16 


565-0496 


46 


1624-5176 


76 


2683-9856 


160 


5650-496 


17 


600-3662 


47 


1659-8332 


77 


2719-3012 


170 


6003-652 


18 


635-6808 


48 


1)95-1488 


78 


2754-6168 


180 


6356-808 


19 


670-9964 


49 


1730-4644 


79 


2789-9324 


190 


()709-964 


20 


706-3120 


60 


176.V7800 


80 


2825-2480 


200 


7063-120 


21 


741-6276 


61 


1801-0956 


81 


2860-5636 


260 


8828-900 


22 


776-9432 


62 


1836-4112 


82 


2895-8792 


800 


10594-468 


28 


812-2588 


68 


1871-7268 


88 


2931-1948 


860 


12363-46 


24 


847-5744 


64 


1907-0424 


84 


2966-5104 


400 


14126-24 


26 


882-8900 


66 


1942-3580 


86 


3001-8260 


600 


1 7657-80 


26 


918-2056 


66 


1977-6736 


86 


3037-1416 


600 


21189-36 


27 


953-5212 


67 


2012-9892 


87 


3072-4572 


700 


24720-92 


28 


988-8368 


68 


2048-3048 


88 


3107-7728 


800 


28252-48 


29 


-1024'1524 


69 


2083-6204 


89 


3143-0884 


900 


31784-04 


80 


1059-4680 


60 


2118-9360 


90 


3178-4040 


1000 


38847-16 



lisei of Drawing Paper. 



Demy • 


. . 20 X 15 


Medium 


. 22 X 17 


Royal . 


. 24 X 19 


Imperial 


. 31 X 21 


Elephant • 


. 27 X 23 



Columbier . 


. 34 X 23 


Atlas . 


. 33 X 26 


Double Blephant . 


. 40 X 26 


Antiquarian . 


. 52 X 29 


Bmperor 


. 68 X 48 



60 OAS SNGINBBR'b JPOCKBT-BOOK. 

Oolonn oMd ia Arehitaotural and Sngiaearing Brawingt. 



^ 



For Brickwork in plan or section 
(to be execated) 
Brickwork in elevation. 



Flintwork or parts of brick 
work to be removed 

Granite 

Cement or Stone 

Concrete 

Clay Earth 

Plaster 

Slate . 

Tiles . 

Wood . 

English Timber, not Oak 

Oak or Teak 

Fir Timber . 

Mahogany . 

Iron, wrought 
„ cast 

Lead . 

Copper . 

Brass . 

Gunmetal 

Glass • 

Leather 

Meadow land 

Sky effects . 



Crimson Lake or Carmine. 
Venetian red or Crimson Lake 
and Burnt Sienna (light). 

Pnufsian Blue. 
Violet Carmine. 
Sepia. 

„ mottled with Burnt Umber. 
Burnt Umber. 
Sepia (light). 

Indigo with Crimson Lake. 
Indian red. 
Burnt Sienna. 
Raw „ 
Burnt ), 
Indian yellow. 

„ red. 
ProuBsian blue. 
Payne's Grey. 
Indigo or light Indian-ink. 
Crimson Lake with Gamboge. 
Gamboge. 
Dark Cadmiums. 
Cobalt mottled. 
Vandyke brown. 
Hooker's Green. 
Cobalt Blue. 



Weight of Xateriali. 



Matibiau. 



Ashes 

„ 62 feet i= 1 chaldron . 

Brickwork 

yy in cement 
Bricks, red kiln. .... 

,1 common .... 

ff London Stock . 

„ Welch fire .... 
Cement, Portland 

„ „ cask 4 bushels = 

„ Boman .... 

„ „ cask 5 bushels = . 
Chalk . 
Clay 



Weiffht of One 
Cubic Foot. 



lbs. 

37 

... 

100 

110 

135 

110 

115 

150 

84 

5 feet 
60 

6 feet 
140 to 166 
120 to 135 



Gnlnc Feet 
per Ton. 



60i 

• • • 

22f 

20i 

17 

20} 

19f 

15 

26} 
2 cwt. 

37} 
4 cwt. 
15} to 13} 
18} to 17 
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Matkrials. 


Weight of One 
Cubic Foot. 


Cubic Feet 
per Ton. 






lbs. 






Coal, Cannel and Welsh 


84 


26§ 


„ Newcastle . 


• • • 


80 


28 


Coke . 












47 


48 


Concrete . ^ 














120 


18| 


Earth . 














95 to 126 


2Sitol8 


Flint 














164 


13| 


Glass, Crown 














157 


IH 


„ Flint . 














187 


12 


„ Plate . 














184 


12J 


Gravel . 














112 to 120 


21J to 18| 


Iron, cast . 














450 


5 


„ wrought . 














487 


4f 


Lime, stone . . 














53 


42i 


„ chalk . 














44 


51 


Mortar, from (old) 














88 


25^ 


„ to (new) 














119 


19 


Sand, pit 














90 


23^ to 25 


„ river 














118 


19 


Shingle 
















• • • 


Slate 
















• • • 


Stone, Granite 
















m 


., Pnrbeck 
















131 


„ Yorkshire . 
















14i 


„ Craigleith 
















Hi 


„ Derby 
















15 


„ Portland 
















14f 


, Bath. 
















16 


Marble . 
















12J to 13 


Tiles, average 














ii'2 


20 


Oil of Turpentine 














541 


41 


„ Linseed 














58f 


38 


„ Whale . 


• 


• 






57f 


39 


Rain Water (252 gallons per ton) 




62| 


35 


Sea „ (224 „ „ ) . . 


64 


35 


Gallon of water = 10 lbs. = 277^ cubic inches. 


6J „ „ = 1 cubic foot nearly. 


Boofing^l square of 100 feet slating = 10^ cwt. 


„ 1 „ „ „ and timbers = 15^ , 




1 „ „ tiling =15i , 




„ 1 „ „ „ and timbers =: 21 , 




1 „ ,, with 71b. lead =10 , 




„ 1 ,. ., „ and timbers = 17 , 




„ 1 ,; „ with 6 lb. lead = 8^ , 




„ 1 „ „ „ and timbers ^15^ , 




„ 1 „ „ with 16 gauge zinc r= S^ , 




„ 1 „ „ „ and timbers = 10^ , 





1 
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Xiieellaiieoiii Artielei. 

One barrel of tar ^ 26^ gallons. 
Battens = boa^ls 7 inches wide. 

Bushel of coal = 80 lbs. 

coke =: 46 

quicklime = 70 



M 



Ji 



i» 



Chaldron of coal 
„ coke 

Fodder of lead 

Hundred of deals 
., nails 

Load of bricks 



n 



= 2^ cwts. 

= 12| to 16 cwts, 

= 19| cwts. 

= 120 in number. 

= 120 






= 500 
lime (1 ton) = 32 bushels, 
sand = 36 „ 

= boards 12 inches wide. 
Sack of coal = 224 lbs. 

Square of planking = 100 superficial feet, 
slate = 100 



V 

Planks 



»i 



)i 



It 



cub. yd. sand 
gravel 



»» 

w 

» 
>» 



Weight of Earths, Books, eto. 

Cwt 

= 30 
= 30 



mud 
marl 
clay 
chalk 
cannel coa' 



= 25 
= 26 
= 31 
= 35 to 36 

= 81 to 87 



1 cub. yd. sandstone 
shale 
quartz 
granite . 
trap . 
slate 



1 
1 
1 
1 
1 






Cwt 
= 39 
= 40 
= 41 
= 42 
= 42 
= 43 



Katural Slopes of Earths with the Horiiontal or Angles of BepOM. 



Gravel, average 

„ and sand mixed 
Dry sand 
Sand .... 

I, fine dry 
Vegetable earth or peat 

„ new 
Compact 
Loamy 
Shingle, average 

„ clean. 
Rubble, average . 
Clay, well dried . 
stiff or dry mud 
wet, average 
., „ London 
Coal 



if 






40** 

38' 

37'' to 5S* = 1-33 tol 

21^0 22."= -263 tol 

32* 

28* =1-89 tol 

34* 

48*to5C'= -09 tol 

40* =1-2 to 1 

39* to 40* = 1-2 to 1 

36* 

= ltol 
= ltol 
= 1 tol 



46* 
46* 
46* 



16* 
16* 
33* 



= 1-66 to 1 






cub. yd. rock in large pieces = when excavated 1*50 c. yds. 

„ medium as dug = ,, „ 1*25 to 1*30 c. yds. 

chalk . . . . = „ „ 1*80 c. yds. 

sand and gravel . = ,, „ 1*07 „ 

clay and earth . . = .. „ 1*2 to 1*26 c. yds. 



M 
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RESULTS OP POWER. 

Observed Seiults of Power (Kystrom). 
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Work 






Effects 




Description of Worlcs. 


hours 
per 
day. 


Force. 


Velocity 


■ of ft 
lbs. per 
second. 


Horses. 


A man caa raise a weight by a 












single fixed pulley . . 


6 


50 


0-8 


40 


0-072 


„ working a crank 


8 


20 


2-5 


50 


0-090 


jf onatreadwheel(horizontal) 


8 


144 


0-5 


. 72 


0-130 


„ in a treadwheel (axis 24** 












from vertical) . . . 


8 


30 


2-3 


69 


0-125 


„ draws or pushes in a hori- 












zontal direction . 


8 


30 


2-0 


60 


0-109 


„ pulls up or down . . . 


8 


12 


3-7 


44-4 


0-080 


„ can bear on his back . 


7 


95 


2-5 


237-5 




A horse in a horsemill, walking 












moderately 


8 


106 


3-0 


318 


0-577 


y, „ jf running fast 


5 


72 


9 


648 


1-178 


An ox in a horsemill walking 












moderately 


8 


154 


2 


308 


0-518 


A mule „ „ „ 


8 


71 


3 


293 


0-308 


An ass )) ^ )) 


8 


33 


2-65 


87-4 


0-160 


On .bad foot roads like those in 












Peru a man can bear . . . 


10 


50 


3-5 


175 




Llama of Peru can bear 


10 


100 


3-5 


350 




Donkey can bear . . . 


10 


200 


3-5 


700 




Mule can bear . , . 


10 


400 


5-0 


2000 





Kan Power. 

Efforts exerted for short periods of time. R.A. rule. 



Pushing a load horizontally 

Pulling „ „ .... 

Tractive force in dragging a cart 

Lifting a weight from the ground by the hands 

Carrying on his shoulderis .... 

On a winch for continuotis work . 



100 lbs. 

70 

40 
150 
120 „ 
15 to 20 lbs. 



It 

»» 



When a number of men are pulling on a rope, the effort per man 
will average very much below the above quotation, and the greater 
the number the less the average per man. 24 men will not pull half 
as much again as 12 men. The most advantageous application of a 
man's power in hauling is in a slanting direction downwards, as his 
weight is added to his strength. 

Power of Ho: BOS. 

Rate (miles per hour) =2 3 3^ 4 4^ 5 
Tractive force in lbs. = 166 125 104 83 62 41 
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To Mt out a porpondioular measure a base of 4 parts, perpcndicalar 
measuring 3 parts and diagonal 5 parts. 

To DiTido a givon lino into any number of Sqnal Parti. 




Let A B be the line to be divided, then at B erect perpendicalmr 
B C, then on the line A C set out the divisions by any oonvenient 
scale, and from the points as D E F draw lines perpendicular to A B, 
which will cut at G H K the diyisions required. 

This method is useful for making scales to uneven dimensions. 

Excavating.— A man can dig from 5 cubic yards in bard gravel to 
10 cubic yards in loose ground per day. 

1 ton of light soil = 18 culnc feet. 

Carts usually hold 2^ tons or 45 cubic feet. 

Piles driven until they are in firm ground will stand 1000 lbs. per 
sq. inch of area of head, but when depending only upon the friction 
of their sides 200 lbs. per square inch. 

On sloping ground step and stair the foundations. 

A cubic yard of earth, before digging, will occupy about 1} cubic 
yard when dug. 

A dobbin cart will contain f cube yard. 

Earth waggon, small size . 1^ 
„ „ large . 8 

Wheelbarrow . . , ^ 
A single load of earth = 27 cubic feet =: 21 bushels. 
A double „ „ ^ 54 „ „ 
1 cubic yard of gravel =18 bushels in the pit. 
1 „ „ „ =24 „ when dug. 



»» 


» 


»» 


» 


>» 


»» 



» 



J> 



» 



» 



When formed into embankments gravel sinks nearly i in height 
and decreases I in bulk. 
If earth is well drained, it will stand in embankments about 1^ to 1. 

Foundationi. — 6 of good aggregate to 1 of ground lias lime will 
answer every purpose in ordinary cases, and should be about a foot 
wider than the bottom course of footings, or 6 inches on each side. 
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Whenever large weights occur, as on foundations of columns, 
angles of buildings, &c., Portland cement should be used in place 
of lias lime ; the dimensions can be increased if desirable. 

Foundations in water are formed sometimes by rows of wooden 
piles so fastened together as to form a pier for the horizontal beams 
to be fixed upon, as in wooden bridges. A great objection to wooden 
piles is the fact that in water, fluctuating by the tide, the timber 
decays at the water-line and therefore requires to be sheathed with 
copper. 

The following FreMures may be uiod with safety per superfloial 
foot for FoundatiAis : — 

Tons. 

Rock 13 

Chalk 4 

Solid blue clay and grayel . 3 to 6 

London clay 2 

12 in. by 12 in. piles well driven . 20 to 30 

Well punned ground will sustain 1 ton per square foot, if punned 
each foot as filled in ; if not, not more than } ton per square foot. 

Gravel, good in foundation will uphold 5 tons per square foot. 

Sandy gravel, near water, 1^ tons per square foot. 

Foundation always 2 ft. 6 in. below ground line. 

Tons 
persq. fb 

Moist clay and sand (prevented from spreading laterally) . 1'36 

Coarse sand and dry clay 2*27 

Firm bedded broken stones on dry clay 3*18 

Loose impermeable beds with piling 1*82 

„ „ „ „ „ and concrete . . 2*73 

It is necessary at all times to allow sufficient room for men to work 
in a trench where it has to be excavated more than 3 feet deep. 

In loose ground a man can throw up about 10 cubic yards per day, 
but in hard or gravelly soils 5 yards will be a fair day's work. Three 
men will remove 30 yards of earth a distance of 20 yards in a day. 

A yard of concrete requires about 3 hours' labour to mix and throw 
in, or, if in heavy masses and the materials handy, about 2 hours. 

Burning clay into ballast is done by making a fire of small coal or 
coke breeze, and casing the same with clay, laying alternate layers 
of fuel and clay until the mass is burnt through. 2 tons of small 
coals will bum about 25 cube yards of earth. It is used for roads 
and concrete walls, and very frequently ground for mortar as a sub- 
stitute for sand, but it is essential that when used for such a purpose 
it be well burnt. Value, reckoning coals at I5g. per ton, 2g. 6d, per 
cubic yard. 

19 cubic feet of sand, 18 ditto clay, 24 ditto earth, 15J ditto chalk 
20 ditto gravel, will each weigh 1 ton. 

7ootingf. — Projection at bottom on each side should not be less* 
than half the thickness of waU at base, diminishing in regular ofibets, 
and height not less than projeotio \ 
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Punn all trenches before patting in concrete for foandations, and 
drain off all surface water permanently. 

Sewerage about 5 feet hc^ per mile is required to maintain a flow 
and to overcome friction in small pipes. 

Temperature increases about 1** F. for every 60 feet below the level 
of the ground. 

Damp Coarse. — This is to prevent the moisture rising in the walls, 
and should be placed from 6 to 12 inches above i^he ground line. It 
can be made of slates laid in Portland cement, but recently asphalte 
has been adopted and is effective and economical. A glazed earthen- 
ware damp course, with ventilating spaces through its centre, has also 
been suggested. 

Damp Oouries for Sxtemal Walls (Prof. H. Adams) :— 

A course of slates throughout the thickness, 3 to 6 inches above 
ground line. 

A double course of slates in cement, 3 to 6 ins. above ground line. 

A layer of asphalte, i to J inch thick, „ „ „ „ „ 

A layer of cement, „ „ „ „ „ „ „ „ 

Taylor's patent glazed and perforated stoneware slabs, above 
ground line. 

A layer of melted pitch with sufficient coal-tar mixed in tu prevent 
it setting too brittle. 

A layer of sheet lead 4 lb. to 8 lb. per square foot, with 1} in. laps 
(the best). 

A layer of asphalted (i.«., tarred) roofing felt laid dry. 

Inverted Arehes should be turned from pier to pier in all heavy 
buildings to equalize the weight throughout the building and thus 
prevent unequal settlement. Arches are generally worked in half- 
orick rings, thus saving a vast amount of cutting and waste, bat a 
course of headers shoidd be thrown up every 3 or 4 feet, the upper 
course bonded over the lower, to tie the rings together. If this be 
properly attended to there will be no fear of the rings separating 
when the centres are struck. 

Hoop-iron bond, usually 1^ in. x ^ in., should be well tarred and 
sanded before use and laid say every 5 feet in height of wall. 

Asphalte damp course usually ^ inch thick at 12 inches above 
ground line. 

Slate damp course, usually 2 courses thick, carefully bedded and 
laid in floating cement, upper layer overlapping the lower to prevent 
cracking ; they should project 1 finches beyond the wall on each side. 

A rise of j^ inch per foot span usually allowed in making centres 
for flat arches for settlements. 

Wood slips, about f inch thick in joints of brickwork, better than 
Wood bricks, as they are less liable to shrink. 

Bricks of 6 parts breeze to 1 of cement will allow nails to be driven 
in and they do not shrink. 

Brickwork. — The roughest and hardest of the stock bricks to be 
used should be selected for the footings, and worked English bond 
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as high as where the facing commences ; or if the building is faced 
with stone or cement, English bond should be worked all through 
(excepting 9-inch walls), as it is much stronger than Flemish bond, 
although not so ornamental. 9-inch walls should in all cases be 
worked Flemish bond ; or, from the unequal length of the bricks, 
one side will be very rough. Where red bricks or seconds are used 
for facings, Flemish bond should be worked, and care taken to 
properly tie it in with the backing ; although a certain portion of 
the headers may be bats, every third should be whole bricks and 
occasionally cross or diagonal bond should be worked in the backing 
to prevent the wall splitting. In dry weather the bricks should be 
thoroughly soaked before laying ; each course of bricks must be 
properly flushed in with the trowel, and grouted every four courses 
to ensure stability in the work. 

Bond. — Hoop iron, IJ inches wide, is now very generally used and 
with great advantage. There should be a course of hooping to each 
half brick in thickness, well tarred and sanded every 5 feet in height, 
and well lapped at all angles ; the course of bricks above and below 
the hooping should be laid in cement. 

The quality of bricks and tiles may be told by the sound and by 
their appearance when broken. If they are well burnt through 
and when clapped together produce a good clear ringing sound, they 
may be considered good bricks. 



^ 



Size and Weigjit of Varions Materials. 



Description. 


Size. 


Weight. 




ft. in. 


ft in. 


ft. in. 


lbs. oz. 


Stock or place brick 


8f 


4^ 


2^ 


5 


Paving brick. . . . 


9 


4^ 


1} 


4 6 


Dutch Clinker 


6J 


3 


u 


1 8 


Pantile 


1 li 


9^ 


Oi 


5 


Bridgewater pantile 


1 n 


1 7 


Oi 


9 


Plain tiles . ... 


lOi 


6i 


Of 


2 5 


Pavement foot tile 


llf 


llf 


li 


13 


„ „ 10 in. . . 


9i 


9f 


1 


8 9 


Pantile laths, 10 ft. bundles. 










contains 12 laths 


120 


li 


1 


4 6 


Ditto ; a 12 ft. bundle con- 










tains 12 laths . . . 


144 


li 


1 


5 


Plain tile laths, in 5 ft. 










bundles, contains 500 laths 


500 


1 


Oi 


3 


Thirty bundles of laths 1 load 


. «• 


• *• 


• • • 


cubic. 


A bricklayer's hod 


1 4 


9 


9 


1,296 in. 


A single load of sand . . 


3 


3 


3 


27 ft. 


A double load of sand . 


3 


3 


6 


54 ft. 


A measure of lime . . . 


3 


3 


3 


27 ft. 



F 2 
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Fin BriekB Weigh par 1000. 



SlZB& 


MaitiBs. 


Sootts. 


Welsh. 




TDcCts. Qr. 


Lb. 


Tdb. GtB. Qr. Lb. 


Tns. CtB. Qr. Lb. 


9 iiL Bricks . 


2 


19 





3 


2 17 1 


Tin. „ 


2 


11 1 





• • • * ■ • 


• • • • • • 


ein. „ 


4 


6 2 





• ■ • • • • 


• • • • • • 


3 in. ,, 


3 


13 2 





3 12 1 


3 11 3 7 


Side Bevels 


2 


12 2 





2 4 3 


1 17 3 


9 in. end do. . 


2 


14 





2 11 1 21 


• • • ••• 


7 in. „ „ . 


1 


18 1 





2 2 


• • • • • • 


F. Edge . 


1 


12 1 





1 13 1 


16 


Arch . . . 


2 


18 1 





2 7 3 


2 15 3 


ClofleiB 


1 


8 1 





1 10 3 


• • • • • • 


2 in. Splits . . 


2 


2 





2 10 2 


2 8 


IJin. „ 


1 


17 2 





1 16 


1 15 1 


1 in. ., . . 


1 


4 1 





16 10 


13 2 



Exposed SoiilMie, Ave 
Square inchea W 
. 39*33 . 


rage Crushing 
ei^t. Tons. 
. 40 


. . 4015 


. 17 


• ^^"^ • 


. 48 


. . 27-9 


. 50 


. 34-85 . 


. 65 


. .• 34-76 


. 72 


. 39-94 . 


47 


0*7-*7x 


91 


. 38-28 . 


96 



Senstanee to Crushing. 

Oldham led bricks . 
Medway gault bricks . 

„ pressed 
Stafford blue brick 
Fire-clay brick . 
Wortley blue brick 
Portland stone . 
Bramley fall stone 
Yorkshire landing . 

Bricks made of neat cement D x 4^ x 2}, suljcctcJ to hydiauUc 
pressure, at the following ages : — 

3 months old fiactnred by a pressure of 65 tons. 

" f> >i » n »? "^ >J 

9 •» ii »> }) )i 1«" )) 

The pressure was applied in their bed, having a superficies of 
38-25 square inches. 

Strength of Colnmns of brickwork (hei^^t = less than thieknets). 

CroBhing 
Commenoea at 
Bricks, hard stocks, best quality, set in Portland cement 

and sand (1 to 1), 3 months old 40 tons. 

Bricks, ordinary well burnt London stocks, 3 months old . 30 
hard stocks Roman cement and sand (1 to 1), 3 

. months old 28 

lias lime and sand (1 to 2), 6 months 
old . . . . . . . 24 

grey chalk-lime and sand (1 to 2), 6 
months old 12 



j» 



» 



»j 



I) 



>» 



»» 



»9 



>» 



l» 



M 



Herring, 



1 



BRIOEWORK. 69 

Briok and Stone PiUari should never be built of a height more 
than 12 times the thickness at base. 

Where height := 24 times thickness strength is reduced to *7 

»» »» ^^ *'^ »» » jj >» >♦ *^ 

»» »» ^ *" »> >» »> j» >» '" 

Safe load should equal ^ breaking load. 

Hard red bricks have sp. gr. 2-136, and will absorb 4*56 % water. 

Soft „ „ „ „ 1*981, „ „ 8*81 % „ 

Fire „ „ „ 2*000, „ „ 5*17 % „ 

1,000 stock bricks weigh 60| cwts. 

1,000 red kiln „ „ 63 „ 

1,000 paving „ „ 45 „ 

The essential quality of a brick is hardness, and that it shall not 
absorb more water than one-sixth its weight. The highly vitrified 
brick only absorbs one-thirteenth to one-sixteenth its weight. 

The characteristics of a good brick are : (1) it should l^ free from 
flaws ; (2) it should have a good ring when struck ; (3) the surfaces 
of the sides and faces must be level, not hollow or rounded excepting 
the "frog" ; (4) the surfaces must not be too smooth, or the mortar 
will not adhere thereto ; (5) the brick must be well burnt ; and 
(6) a brick should not contain any white patches nor show small 
stones or rough particles, when broken. 

If a brick be made red-hot, and when dropped into water does not 
break up, it is of very good quality. 

Bricks, unless of very bad quality, are not much affected by the 
solvent power of rainwater or the acids it holds in solution. 

AjkBljniM of a Brick Clay of Average Qnality. 

Silica 49*44 

Alumina 34*26 

Ferric Oxide .... 7*74 

Lime 1*48 

Magnesia 6*14 

Alkalies — 

Water 1*94 



100*00 

English bond consists of alternate courses of headers and 
stretchers. 

Flemish bond consists of headers and stretchers alternately in 
every course. 

Brickwork in mortar weighs per cubic foot, 100 lbs. 
„ „ cement „ „ „ 110 „ 

1 rod of brickwork requires 1^ cubic yards chalk lime and 3 yards 
sand ; or 1 cubic yard stone lime and 3} yards sand ; or 36 bushels 
cement and 36 bushels sharp sand. 

4,350 bricks required per rod reduced work if set 4 courses 1 foot 
high. 

1 rod of brickwork weighs about 15 tons atid contains 235 cubic 
feet bricks and 71 cubic feet mortar. 
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FLXUISH BOND CORNERS. 
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A bricklajer should lay 1,000 to 1,600 bricks per day in mortar 
(1 cement to S sand). 

English bond gives the strongest building possible, and warehoases 
and other buildings in which strength is essential should be built in 
this style. 

The rule for the thickness of walls under the Metropolitan Building 
Act is, 

T ^ ^ 

N D 

Where T = thickness to be found, 
H = height in feet, 
L ^ length in feet, 
N ^ the constant. 

D := diagonal of the face of the wall. 
The constant N ^ 22 for dwelling-houses, 20 for warehouses, and 
18 for public buildings. 

Brick on edge coping should be set in 1 Portland cement to 2 or .S 
sand. 

1 square of pointing requires 1} bushels sand, ^ bushel lime, and 
small per cent, of cement. 

To Preierye Seaifold Cords, — Dip when dry into a bath of 20 grains 
sulphate of copper per litre of water and keep in soak for 4 days, 
then dry. The copper salt should then be fixed in the fibres by a 
coating of tar ; to do this, pass the rope through a bath of boiled tar, 
hot, drawing it through a thimble to press back surplus tar. and 
suspend on a staging to dry and harden. 

Seaffolding. — The putlogs or cross-pieces are generally 6 feet long, 
one end bearing on the ledgers and the other end resting in the wall ; 
upon these are placed the boards to form the stage. In scaffolding 
great care should be taken to see it is well braced. 

Beflistance to tensile strain per square inch of Mortar in Brick 

joints after setting for 168 days. 

Common stock bricks, with masons^ mortal (1 lime, 2 sand, 

^ smithy ashes) 27*5 lbs. 

Common stock bricks, with bricklayers' mortar (1 lime, 

1 sand, 1 smithy ashes) 33*8 ,, 

Firebricks, with bricklayers' mortar 28*6 „ 

„ „ masons* „ 24*0 „ 

Masons' mortar loses about 13 % on second mixing, and bricklayers' 
2S%.— Bancroft. 

Crashing load Crashing load 

per sq. inch. per sq. foot. 

Portland cement 1 to 1 sand and gravel 1*18 tons 170-6 tons. 

„ „ lto3 „ „ -81 „ 115-5 ,, 

„ lto6 „ „ -63 „ 91-0 „ 

Lime and sand lose one-third of their bulk when made into mortar. 
Cement and sand „ „ „ ., 

Sand in mortar prevents cracking, and makes it go farther ; also 
permits air to get to the lime while setting. 
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Coarse is preferable to fine sand for cement mortar, up to the size 
that passes a sieve with 12 and is stopped by one with 16 wires to the 
inch. Below the grade of sand that will pass 40 and be stopped by 
60 wires to the inch there is no practical difference in the value of 
any sands so far as the size is concerned. 

The best sand for mortar should, when magnified, show a sharp 
angular formation, not a round or pisolite grain ; and as the porosity 
of a mortar aftects its hardening, especially in the case of non- 
hydraulic limes, the size of the grains should be excessively fine. 

Should be as free as possible &om dirt. 

Grood mortar will not part easily when wet, or crumble under 
finger when dry. 

Trap or granite sand, when sharp, appears to be the best kind of 
all for the purpose. 

A bricklayer's hod measures usually 16" x 9", and =» 1,296 cubic 
inches. It will hold 20 bricks, or f cubic foot mortar (= nearly a 
half bushel). 

Lime, or cement and sand, to make mortar, require as much water 
as is equal to one- third of their bulk, or about 5^ barrels for a rod of 
brickwork built with mortar. 

Directions for using Portland Cement. 

All sand, gravel, broken bricks, or other material used for making 
the concrete, should be clean and perfectly free from all loamy, 
clayey, or ef«i;hy substances whatever, otherwise failure is sure to 
result, notwithstanding the undoubted excellence of the cement. 

Clean cold water should be used, and only just sufficient to mix to 
the consistency of stifE mortar. The water should be added by means 
of a can with a large rose, so as to spread the water evenly over the 
materials, the materials being thoroughly turned over and mixed 
while this is being done. The use of a bucket should be strictly 
prohibited, so as to avoid risk of deluging the concrete and 
washing away the cement. For stucco work only fresh water is to 
be used. 

In order to obtain uniformity in the strength of the work, it is 
necessary that a thorough admixture of the cement with the other 
material be made — ^the dry mixture should be turned over twice 
before the water is applied, and again turned over twice in the 
process of wetting. No more cement should be mixed or gauged up 
at one time than can be used b^ore the setting process takes place. 
Cement that has partially set and is mixed up again will never 
harden properly. 

For making concrete, six to eight parts of sharp sand or clean 
rough gravel, to oae of cement may be used. 

For stucco work, the sand must be clean, the undercoat should be 
three parts of sand to one of cement, and the finishing coat, equal 
parts of sharp fine sand and cement, carefully avoiding mixing the 
mortar with too much water. The brickwork or other absorptive 
material on which the Portland cement is to be used must be first 
well wetted, 
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Careful attention to these directions is most essential to obtain a 
satisfactory result. 

When making cement blocks or paving slabs, it is sometimes con- 
sidered advisable to steep them in a solution of sodium silicate for 10 
to 14 days. 

The cause of disintegration of mortar during frosty weather is the 
expansion due to the conversion of the water, contained in the 
mortar, into ice, the expansion equalling a 10 % increase in volume. 

Facings and Pointing. — There is always considerable risk in 
using a brick for facing, unless it is known to stand the weather ; 
this is especially the case with red bricks. A great diversity of 
opinion and practice exists as to pointing. Ordinary Tuck pointing 
consists of well raking out the joints, filling in with coloured mortar, 
and then laying on a neat parallel joint with white mortar or stopping. 
The brickwork is also in most cases first coloured to obtain a 
uniform appearance. 

Flat pointing is merely raking out the course joints and filling in 
again with blue mortar. 

Lime is much improved if Portland cement is added thereto, and 
well mixed with it. 

Roman cement is about one-third strength of Portland cement. 

Plaster of Paris. 

Weight per striked bushel = 64 lbs. 
„ „ cubic foot = 50 „ 
The adhesive power of Portland cement is at least J of the cohesive, 
when new, and in time it will become fully equal to it. 

X. «/". Affelder and M. C. Brown. 

Cement. — Magnesia causes expansion and crumbling or flaking ; 
Sulphur destroys either stone or concrete. 
Coeflficient of expansion of cement =: 0*0000145 

„ „ „ „ iron = 0-0000137 to 0-0000148 

The Monier system of making concrete has proved itself from 5^ 
to 12 times as strong as that made in the ordinary way. 

It has been proposed to coat ironwork which is to be imbedded in 
brickwork with cement, instead of asphalte or paint. 

Make concrete in foundations three times as wide as the brick wall 
to be built upon it. 

Concrete should be turned at least twice dry and twice wet. 
About 26 gallons water required per cubic yard concrete. 

Volume of Spaces per Cent, in Concrete Materiale. 

Limestone, crushed, to pass through 3 inch ring, 51 per cent. 

M »» »» ^ »» *® " 

„ )9 >» 2^ » 3^ » 

„ }, »> 2 „ 89 „ 

,1 ft >• li >' ^2 „ 

Gravel, to pass through 2\ „ 34 „ 
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Shingle 33 per cent. 

Thames ballast (including sand) . . . 17 „ 
Limestone and gravel mixai equally, to pass 

through 3 inch ring 34 „ 

Gtood concrete will bear 31 '6 tons per square foot in compression, 
and 3*16 tons per square foot in tension. 

Safe Load that may be put upon a superficial foot on — 

Granite piers . . . = 40 tons (crushing commences at 300 tons) 

Portland stone piers . . = 13 „ ,. „ 90 

Bath stone piers . . = 6 „ „ „ 40 
Brickwork in cement and 

sand (1 to 1) . . . = 5 ,, ,. . „ 40 

Rubble masonry . . = 4 „ .. , 40 

Firebrick . . . . = 6 „ ,, 50 
Lias Lime (concrete 

foundations) . . = 5 „ „ . » 20 
Ordinary brickwork in 

lime mortar . . . =: 3 ., ., „ 24 

Pine (yellow) . = 34 „ „ „ 340 

Gravel or stiff clay . . ^ 2 „ 

Eesistance to Crushing (Stones). 

Per square inch. Per square foot. 

Granite, average 6*4 781 

Limestone „ 306 441*1 

Sandstone „ 1-87 268-9 

Victoria stone (granite and Portland cement 
steeped in solution of flint), average . .. 3*71 534 

lbs. per cubic in. 
Crushing commences on Sandstone, strong , . . 5,000 to 9,000 

. . 3,000 to 5,000 

. 2,000 
. . 8,000 





,, weaK « 




Limestone, compact 




„ strong m 




„ weak 




„ granular 




Chalk 




Whinstone 




Granite 



3,000 



»> 
»» 

„ „ „ granular . 4,000 to 4,500 

„ „ Chalk 300 to 400 

„ „ Whinstone .... 9,000 to 17,000 

„ „ Granite 6,000 to 11,000 

MungalL 

Safe Beiiftanee to Loads per iqnare foot. 

Bock 13 tons. 

Chalk 4 „ 

Solid blue clay and gravel 3 to 6 „ 

London clay . . . . . . 2 „ 

12" X 12" wood piles, well driven to 4 blows = i" 20 to 30 „ 



76 



GA» engineer's pocket-book. 



A foctor of safety of one-fifth of crushing weight, if the load be 
dead, and of one-tenth, if the load be live, may be taken. 

In laying stone the joints shonld be in contact from face to tail, 
and be thoroughly wetted on surface before laying. 

The Test for the Porosity of Stone. — Weigh the stone when dry 
and weigh it after immersion in a pail of water. If a sandstone 
absorbs not more than half a gallon per cubic foot it is a good 
building stone. 

Granite consists chiefly of quartz 50 to 60 per cent., felspar 30 to 
40 per cent., mica 10 per cent. ; best with most quartz and less mica. 
The composition of granite is about — 

Silica 72-07 

Alumina 14*81 

Oxide of iron .... 2*22 

Potash 511 

Soda 2-79 

Lime 1*63 

Magnesia 0*33 

Water, &c 1*09 



Portland Stone. — Average composition : — 

Silica .... 
Carbonate of lime 
Carbonate of magnesia . 
Iron and alumina 
Water ^nd loss 
Bitumen .... 



1-20 
96-16 
1*20 
0-50 
1-94 
Trace 

10000 



Sandstone should consist of small grains of quartz and only small 
quantity of carbonate of lime and no uncombined particles of iron. 
Bath stone weight is 123 lbs. per foot cube. 
York stone weight 156 lbs. per foot cube. — H. Adams, 

2 inch York paving weighs per square foot 26 lbs. 
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Covering Power of Paint. 



10 lbs. white lead . 

1 oz. red lead . 

2 ozs. litharge 
4 pints linseed oil 
10 lbs. white lead . 
2 ozs. litharge . 
2^ pints linseed oil . . ( 
\\ pints spirits of turpentine j 



63 superficial yards, 1st coat. 



100 superficial yards, 2nd coat. 



PAINTS* 



77 



113 saperficial yards, 3rd and 4th coats. 



10 lbs. white lead , . 

2 oz. litharge .... 
2 pints linseed oil . . . 
2 pints spirits of tuipeutiiie . 

1 pint varni^ will cover about 16 square yards one coat. 

100 square yards of painting, 4 coats, will require about 48 lbs. 
white le^ or colour paint, 4 lbs. putty, 7^ quarts oil, 1 lb. red lead, 
^ lb. size, 2^ pints turpentine, ^ lb. pumice-stone, 1 quire glass-paper, 
1 lb. driers. 

Paint should contain 1 pint turps to f gallon raw and i gallon 
boiled linseed oil. 

A good paint for wooden structures should consist of from 66 to 75 
per cent, pigment, and the balance oil, &c. 

Boiled linseed oil specific gravity should be *947 

Raw „ -982 to 937 



»» 






„ flash point 






j> 



600° F. 



Oxide of iron paints are said to oxidize their oil and gradually 
destroy it. 

White lead = Pb. C. 0,^ 

The effect of sulphur upon white lead is to change the carbonate 
of lead into a sulphide, which becomes soluble in condensed moisture 
or rain-water. 

To Test White Lead. — If pure carbonate it will not lose weight at 
212** F. 68 grains should be entirely dissolved in 150 minims of 
acetic acid diluted with 1 fl. oz. distilled water. 

Plumbago mixed with hot coal-tar forms a good coating for rough 
ironwork. 

It is said that none of the metallic oxides, commonly used as 
pigments, chemically combine with the linseed oil in the painting 
mixture. 



Thiekness of Sheet Glass. 



No. or Weight in 


Thickness, 


No. or Weight in 


Thickness, 


0Z8. per sq. ft 


inches. 


ozs. per sq. ft. 


inches. 


12 


•059 


21 


•100 


13 


•068 


24 


•111 


15 


•071 


26 


•125 


16 


•077 


32 


•154 


17 


•083 


36 


•167 


19 


•091 


42 


•200 
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The Average Weight of the Xaterials GoTering and Bearing on 
Boofi, ke,, may be taken roughly as follows : — 



Description of Material. 



Common raf teis 

i-iD. boarding 

1-Jn- M 

Battens 8-in. by {-in 

Felt 

Zinc ' 

Corrugated iron 

Slates 

Tiles 

Wind i pitch about 

»» a » ..... „ 

„ »» a j» • » 

Snow 

Slate, 1 in. thick 

Paving-stone, 2 in. thick 

Tiles, 1 in. thick 

Marble, 2 in. thick 



Weight 


per Foot Super. 


7 lb. 


^ « 


H 


» 


u 


)) 


i 


>» 


If 


» 


2i 


ri 


9 


n 


20 . 


}i 


22 , 


} 


26 , 


)} 


27 , 


tt 


5 , 


) 


15 , 


) 


28 , 


)} 


9 , 


J 


28f , 


> 



In calculating the safe load on a iioor, from 1^ cwt. to 1^ cwt. per 
superficial foot is generally allowed for ordinary work, and from 
2 cwt. to 4 cwt. for factories and warehouses, including the weight 
of the floor itselt 

Table to faoilitate the Calculation of the Area of any Eoof. 



Rise or Pitch. 


Angle. 


Proportion. 


One-sixth of span 




18 


25 


1 

1 to 1-06 or 1 to IJL 


One-quarter of span . . 


26 


35 


1 „ 1-12 „ 1 „ 1* 




30 


00 


1 „ 1-20 „ 1 „ IJ 


One-third of span . . 


33 


42 


1 „ 1-20 „ 1 „ H 


One-half of span 


45 


00 


1 „ 1-41 „ 1 „ If 


Two-thirds of span . . 


53 


00 


1 „ 1-67 „ 1 „ 1^ 


Three-quarters of span 


56 


20 


1 „ 1-80 „ 1 „ If 


Equilateral . ... 


60 


00 


1 „ 2-00 „ 1 „ 2 


Whole pitch 


63 


30 


1 „ 2-83 „ 1 „ 2| 



Multiply span by the number found in the proportion columa ; 
this gives the superficial area of the roof on the slope. 

Load on roof may be taken as 50 lbs. per foot superficial ; this 
includes weight of roof, and provides for extra strains thrown on it 
by snow, wind, &c., from 6 to 6 tons safe load per inch of section of 
ties. 

Slates should not be laid at less than 26^^ with horizontal. 
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Boof Coyerings. — Roofe covered with slates or shingles sbonld haye 
a pitch of not less than one-fourth the width of span ; bat the roof 
may be truncated if a lower pitch is required. 



Allowanee for Wind and Snow. 

Weight of snow on horizontal surface . = say, 15*5 lbs. per sq. ft. 
Wind pressure on surface at right angles 

to line of impact = » 24*6 „ „ 

Do. do. in specially exposed positions = „ 31*0 ,, „ 

i), K, Cla/rk. 



Laths for Queens and slates should be 12 inches apart. 
,, Duchess and Princesses „ 10^ „ „ 
„ Countesses „ 8^ „ „ 



Proyide for remoying Bainfall per Honr. 

From roofs ... .5 inches in depth. 

Flagged surface . . . 2 

Gravelled . . . .0-5 

Meadows, or grass plots . . 0*2 
Paved surfaces . . .1 

Rainfall, maximum, may be taken as 1^ inches in 24 hours in cal- 
culating size of rain-water pipes. 



»> 


»» 


>» 


>» 


)» 


J» 


J» 


» 



Slates. 


Sizes. 


Squares covered 
by 1000. 


Weight 
per 1000. 


Weight 
per square. 


Doubles 
Ladies . . 
Countesses . 
Duchesses . 


13in. X 6 in. 
16 „ X 8 „ 
20 „ X 10 „ 
24 „ X 12 „ 


2 

4i 
7 
10 


15 cwts. 
25 „ 
40 „ 
60 „ 


7i cwts. 
6 „ 



To test slates, place on edge half immersed in water for 12 hours ; 
if water has spread up to near the top of slate, reject it ; if not risen 
more than \ inch, may be considered non-absorbent. Or weigh a 
slate before and after immersion, and the difference will &ow 
quantity of water absorbed ; should not be more than j^th part of 
weight of slate. 

Good slates should be compact, with a metallic ring when struck, 
the edge not friable, incapable of absorbing or retaining much 
moisture hard and rough to the touch. 

Weight of Zinc Slating Nails. 

1 inch go about 340 to the pound. 
li >f »> 290 „ 

H „ „ 220 „ 

If „ H 1^0 „ 

2 •• » 90 M 
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Otirved roofe of 25 to 80 feet span, rise i span may be used if 
16 B.W.G. corrugated iron sheets, rivetted together with tie rods 
every few feet, continuous angle iron skewbacks, and thin rods from 
the centre, to prevent sagging in tie rods. 

Use two nails to fasten each slate, say 1^ inch long, of copper. 

Lowest course of laths for slates should be 1 inch higher than the 
others. 

Fall in gutters should be 1 in 50 at least. 

Thick asphalted or inodorous felt is made in rolls 25 yards long by 
32 inches wide. 

Sheathing felt is made in sheets 32 inches x 20 inches. 
Diyhair „ „ , 34 „ X 20 „ 

No. 0, 12 oz. per sheet. No. 3, 2 lbs. per sheet. 

No. 1, 1 lb. „ No. 4, 2i 

No. 2, li lbs. „ No. 5, 3 



» 



)) 



>i 



>» 



Willesden roofing is supplied in rolls of 50 and 100 yards X 27 
inches wide (in two qualities), or 54 inches wide if required. 

Allport's patent wire-wove waterproof roofing, a strong covering 
material made upon japanned or tinned steel wire gauze, is made in 
sheets 40 in. X 28 in., 42 in. X 26 in., 49 in. X 26 in. ; a lighter 
quality is made in sheets 42 in. x 26 in. 

In laying lead, where possible avoid soldered joints. 

Use not more than 10 feet sheets, and then fix roll. 

Lay to a slope of not less than 1 inch in 10 feet. 

Weight and Thickness of Sheet Lead. 



Weight in 


lbs. 


Thickness in 


per square 


foot. 


inches. 


1 




•017 


2 




•034 


3 




•051 


4 




•068 


5 




•085 


6 




•101 



Weight in lbs. 
per square foot. 



7 

8 

9 

10 

11 

12 



Thickness in 
inches. 



•118 
•135 
•152 
•169 
•186 
•203 



UBual Thiekneis of Sheet Lead in nse.— For aprons, 5 lbs. per 
square foot ; for roofe, flats, gutters, &c., 7 to 8 lbs. ; for hips and 
ridges, 6 to 8 lbs. 

Proper Proportion of Tread to Siser on Staircato, projection of 

Nosing not included. 

Width of tread 12 inches, rise should be 5^ inches. 

Hi » >j >j ^i 

11 » n »J 6 

lOi „ „ „ 6i 

10 „ i, „ 6} 



»» 


»» 


» 


J> 


» 


» 


»> 


1) 


f} 


'J 


J> 


'/ 



9 



» 
♦» 



PROPORTIONS OP TRBADS AND RISERS. 
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Another method is to multiply the tread by the riser, both in 
inches, and the sums shoald equal 72. 

Another mle — 

Width of tread 6 inches, height of risers 8^ inches. 
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7 


» 




10 






6i 


» 




11 






6 


j» 




12 






6 


» 




13 






5 


» 



A farther method of obtaining the Proportion of Stair Treads and 
Xiaers — 




- ^ 



.> o 



- «o 



Thus 9-inch tread requires 7-inch risers. 

Stone steps upheld both ends should have 6-inch bearing at each end. 
„ „ „ one end only should have 9 inches built into wall. 

Timber. — Timber should never be so enclosed in a building that the 
air cannot circulate around it, or it will decompose. When timber has 
to be fixed near the ground, or in any damp place, it may be coated 
with a thin solution of coal tar and fish oil mixed with finely 
powdered clinkers from the forge. 

All timber should be thoroughly seasoned before any preservative 
is used. 

One method of preserving timber is to dry it and apply a weak 
solution of corrosive sublimate, or of nitric acid and water, and then 
paint it with white lead and oil. 

Another method is to soak the timber for from 2 to 12 hours in 
melted napthalene at a temperature of about 200° F. 

The timber used in building operations for carpenter's work is 
imported from Memel, Riga, Dantzic and Sweden ; and that for 
joiner's work from Christiania, Stockholm, Gefle, Onega and other 
northern ports. 

In selecting timber the most convenient sizes are 12 inches square ; 

a.B. a 
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choose the brightest in colour, where the strong red grain appears to 
rise to the surface ; avoid spongy hearts, porous grain, and dead 
knots. (^Laxton,') 

(1) Seasoned timber is about twice as strong as green timber; 
(2) well seasoned timber loses some of its strength when moisture 
is re-absorbed ; (S) when free from knots and flaws timber in large 
pieces is as strong, per inch section, as when in smaller pieces ; 
(4) knots weaken timber as greatly whether it is for use as a strut or 
as a tie ; (5) long leafed pine is as strong as average oak ; (6) bleeding 
a tree does not impair the quality of its timber. 

Timber joists should, where possible, be left open to the atmosphere 
at the ends, and not built into the wall. Iron joists should have a 
space at the ends to allow of expansion, and should be built in 
pockets. 

Planks are 11 inches wide ; deals, 9 inches ; and battens, 7 inches. 

Loads on Ploors. 

Floors of factories, workshops, and warehouses should be able to 
cany a load of 2) cwt. per square foot. Floors of large buildings such 
as public buildings, lecture halls, churches, and chapels, shonld be 
able to carry a lofSi of IJ cwt. per square foot. Floors of dwelling- 
houses need only be strong enough to carry a load of 120 to 140 lbs. 
per square foot. Basement floor joists should rest on sleepers, which 
should not be laid on stone. 



(U.S. Assoc, of Superdts. of Bridges and Buildings.) 



White Oak 
„ Pine 
Red „ 
Norway „ 
Cedar . . 
Chestnut . 



In Tension. 



With Grain, 



1,000 lbs. 
700 „ 
900 „ 
800 „ 
800 „ 
900 „ 



Across. 



200 lbs. 
50 „ 
50 ,. 



In Compression. 



With Grain. 



900 lbs. 
700 
800 
800 
800 
1,000 



i^ cross. 



500 lbs. 

200 

200 

200 

200 

250 



Shearing. 



With Grain. 



200 lbs. 
100 „ 



150 



>' 



All per square inch safe stresses. 



Across. 



1 



,000 lbs. 
600 „ 



400 „ 
400 „ 



To calculate dead distribnted safe load on timber (rectangular 

section — floor joists, &c.) — 

1,100, if fir 

^h X d^ X 1,900, if oak , , . .^ 

= load in lbs. 



2 I. 

h = breadth in inches. 
d = depth 
L = span 



?» 



»? 



»i 



?? 



(R. A. Rule.) 



A crowd of men closely packed = 120 lbs. per square foot. 
A cart horse =14 cwt. 



STRENGTH OF TIMBER. 
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Strength of Timber. (Rankine's " Ciyil Engineering.") 



Wood. 


Resistance to Shearing per Square Inch in Ibs.l 


Along the Fibres. 


Across the Fibres. 


Oak 

Ash and elm . 

Spruce or white fir 

Red pine . . . . . 


2,300 
1,400 
600 
500 to 800 


4,000 



Wood. 


Weight requii-ed to 

crush 1 Square Inch 

in the direction of the 

Fibres. 


Weight required to 

indent 1 Square Inch 

^ inch deep across 

the Grain. 


Ash 

Fir (white) . . 
Fir (yellow) 

Oak 

Pine 


Cwt. 
80 
50 
52 
80J 
86 


Cwt. 
12i 

51 

18 



Wood. 


Weight required to 

break a Stick 1 Inch 

Square by Tensile 

Stress. 


Ash . 

Fir (white) . 

Fir (yellow) . 

Oak 

Pine . 


• 
• • • • • 


Tons. 

H 
H 

6 

1 



Time required for Seasoning. (Laslett.) 



Pieces 24 inches and upward square require about 
Pieces under 24 inches to 20 
20 „ „ 16 

16 ,, » 12 

12 „ „ 8 

8 ,, ,« 4 



J> 


JJ 


J» 


» 


}) 


;» 


>? 


i« 






>» 



Jl 



♦» 



Oak. 


Fir. 


Months. 


Months. 


26 


13 


22 


11 


18 


9 


14 


7 


10 


5 


6 


3 
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Diitributed B*ft Lokd on Timb«T Joliti 1 Inoli wide. 

La4d in Cwt*. 



DEAD AND LIVE LOADS. 
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Average Bead Load of different Classes of Material that may liave 
to be provided for in the Bnilding Trade. (F. Crocker.) 



Material. 



Slate 

Lime (stone) 

Lime (ground) 

Portland cement . 

Tiles 

Asphalt 

Brick 

Brickwork in mortar 

Coal. 

Concrete 

Mud .... 

Gravel . 

Masonry . 

Mortar . 

Sand 



Snow 5 to 12 



Timber (oak) 
„ (deal) 
Water . 
Seeds . 
Hay . . 
Straw . 



Per Cubic Foot. 


180 


lbs. 


60 


11 


54 


11 


85 


11 


108 


11 


140 


11 


130 


11 


112 


11 


80 


11 


130 


11 


100 


11 


110 


11 


140 


11 


112 


11 


100 


11 


5 to 12 


ii 


50 


11 


32 


11 


62i 


11 


50 


11 


8 


11 


, 4i 


11 



Average Weight of varions Live Loads. 

Description. 

Man about 

Crowd of men per foot superficial . . 

„ „ densely packed 

Horse (heavy) 

11 (light) 

Ox 

Cow 

Pig , from 

Sheep (small) 

„ Garge) 

Single-horse load, including hoi-se and vehicle (heavy) 
Pair-horse „ „ „ „ (heavy) 



Weight. 



150 lbs. 1 


86 


11 


120 


11 


14 cwt. 1 


8 


It 


10 


11 


6i 


J? 


1 to2 


11 


65 


lbs. 


90 


;> 


4 


tons. 


H 


11 



Theoretical H.P. of falling water = -00189 Q.H. 

Q = volume in cubic feet of water flowing per minute. 
H = fall of water in feet. 
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Power of water (all (theoretically) :— 

Gallons per minute x 10 lbs. x height of fall in feet -r 33,000 = H.P. 
Head of water in feet x '434 = lbs. per square inch. 
Velocity of water in a uniform diameter cast iron pipe of smooth 
bore = 



48 



/head i 



in feet 



X diameter in feet. 



length in feet 
Quantity of water discharged from a channel or pipe = 



(Hawksley.) 



100 sectional area of / head in feet , , ,. j xi_ 

current in square feet V length in feet ^ ^y^^raulic mean depth. 

(Downing.) 

Friotional Lobs in Hydranlio Earns. 

(" Hicks' Formula.") 

F=j04P 
D 

P = total load in lbs. 

D = diameter in inches. 

F = frictional resistance in lbs. 

1 inch mercury = 13^4 inches water = 346^4 millimetres. 

^flyths inch mercury = 12 inches water. 

1 gallon salt water = 10272 lbs. 

1 ton „ ,. = 35 cubic feet = 218 gallons. 



i) 



it 



Specific Heat. 

Specific heat = proportion of heat required to heat a substance 
through 1 degree compared with equal weight of water. Specific heat 
of water = 1. 





Specific 


) Heats. 




Brickwork 


. ^192 


Glass 


•190 


Chalk . 


. -215 


Graphite 


. ^202 


Charcoal . 


. ^241 


Ice . 


•604 


Coal (anthracite) . 


•201 


Stonework . . . 


•197 


„ (bituminous) . 


•241 


Wood average . 


•650 


Coke 


•203 







Speed of Sound. 

In air at 0° = 1,093 feet per second. 
Add 2 feet for every degree Centigrade. 

In water = 4,780 feet per second. 
In copper = 11,666 „ 
In iron = 16,822 „ 



5J 



»> 



RADIANT HEAT. 
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Comparatiye Powers of Substances for Beflecting Badiant Heat. 

Polished brass . 

Silver . 

Tin . . . 



Steel 



100 
90 
80 
60 



Lead . 
Glass 
Lampblack . 



60 

10 





Table of Coefficients of Linear Expansion for 1 Degree Centigrade. 



Glass = -0000085 

Platinum = -0000085 

Cast iron = -00001 

Wrought iron = -000012 

Copper = -000017 

Lead = -000028 

Zinc = -00003 

Brass = '000019 



— Tshsu 



lauuoo 

1 

luOouu 

1 

SSooo 

SSdoo 

3SOOU 
■ 34OU0 

53uu& 



Specimens vary in their expansions, and the above Table is only 
approximate. 

Factors of Safety. (Unwin.) 





Dead Load. 


Live Load. 


In Structures 
subjected 
to Shocks. 


Temiiorary 
Structures. 


Permanent 
Structures. 


Wrought iron and steel 

Cast iron . . . 

Timber 

Brickwork . . 

Masonry 


3 
3 

20 


4 
4 
4 


4 to 5 
5 

10 

6 

20 to 30 


10 
10 

• 



One B.T. unit of electricity = 1,000 watts for 1 hour. 

One H.P. = 746 watts. 

One B.T. unit of electricity = IJ HP. very nearly. 

Sites of Wire Ganges in Decimals of an Inch. 



«. ^ Birm 
S"*- Wire 


lingham 
Gauge. 


Imperial 

Standard 

Gauge. 


Size. 


Birmingham 
Wire Gauge. 


Imperial 

Standard 

Gauge. 


1 


312 


-300 


13 


•093 


•092 


2 


•281 




•276 


14 


•078 


•080 


3 


•265 




252 


15 


-070 


•072 


4 


234 




232 


16 


•062 


•064 


5 


•218 




•212 


17 


-054 


•056 


6 


•203 




■192 


18 


-046 


•048 


7 


•187 




•176 


19 


•042 


•040 


8 


•171 




160 


20 


•038 


-036 


9 


•156 




•144 


21 


•034 


-032 


10 


•140 




•128 


22 


•031 


•028 


11 


•125 




116 


23 


•028 


•024 


12 


•109 


•104 


24 


•025 


-022 
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WEIGHT OF ONE LINEAL FOOT OF FLAT ROLLED IRON. P5 



'XS 



-to 



9 

I 







I 





O 

« 



o 

o 
o 

P^ 

I 
I 






3 

i 


i-t 




L20-00 
123-33 
L26-67 
L30-00 
133-33 
L36-67 
L40-00 
L48-38 
146-67 
150-00 
L53-33 
156-67 
16000 


^^^^^^ „____________ 1 


« 


Qe<1iOaQQ0QiOaQQ00OQ0 




^^^^ ____________„ J 


H« 




• •••••••••• tT Tr 

OOi-lrHrHfHi>J©«(>iei3eOCO^ 


* 








-M 




8S8S8S8S8S8S8 


:$5 


55-00 
57-29 
59-59 
61-88 
64-17 
66-46 
68-76 
71-04 
73-33 
76-63 
77-92 
80-21 


OOOOOOOOOaOftwOkOOOOfH 


•4* 


50-00 
52*08 
54-17 
66-25 
68-34 
60-42 
62-60 
64-69 
66-67 
68-75 
70-83 
72-92 


• •••••••■■••a 

•O.b»O>i-)e0iOt»O>rH00iOr«p 

l-H 


* 


45-00 
46-87 
48-75 
50-63 
52-50 
64-38 
66-25 
58-13 
60-00 
61-88 
63-76 
65-63 


• •••••••••••• 


H" 






-C 


35-00 
86-46 
87-92 
39-38 
40-83 
42-29 
43-75 
45-21 
46-67 
48-18 
49-58 
61-06 




«*• 


80-00 
31-25 
32-50 
83-75 
36-00 
86-25 
87-50 
38-76 
40-00 
41-25 
42-60 
48-76 


45-00 
46-25 
47-60 
48-75 
50-00 
61-26 
52-50 
68-75 
65-00 

57-50 
58-75 
60-00 


H2 


25-00 
26-04 
27-08 
28-13 
29-16 
80-21 
81-25 
82-29 
33-83 
34-88 
36-42 
86-46 


37-50 
38-56 
39-68 
40-63 
41-67 
42-71 
43-75 
44-79 
45-84 
46-83 
47-92 
48-96 
50-00 


H« 
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.HS 






H« 


OOOrHrHC^C^C^COeO^'^ 


iAiAio«D«ot«^>t>aoaoa>a»P 


< 






Width 




eoMeoMmmeocQeoeoeQeO'^ 



I 

s 

► 



:2 

d 

o 
4 



a 

43 

o 

d 

•d. 



t3 
C" 



I 



II 

1-1 



C II 



^1 



I 
^+ 

;gco 
^11 

a>.S 



« 



g" 



& 



Y 



96 



GAS BNGINKER's POCKET-BOOK. 



Ameriean and Birmingliam Oauges. 

1 mil. is equal to y^inr ii^ch. 





American. 


Birmingham. 




American. 


Birmingham 


Ifo. 


Diameter in 


Diameter iu 


No. 


Diameter iu 


Diameter in 




Mils. 


MilB. 




Mils. 


MilR 


0000 


460 


454 


8 


128-5 


165 


000 


409-6 


425 


9 


114-4 


148 


00 


364-8 


380 


10 


101-9 


134 





324-9 


340 


12 


80-8 


109 


1 


289-3 


300 


14 


64-1 


83 


2 


257-6 


284 


16 


50-8 


65 


3 


229-4 


259 


18 


40-3 


49 


4 


204-3 


238 


20 


32 


35 


5 


181-9 


220 


30 


10 


12 


6 


162 


203 


40 


3-1 


5-8 


7 


144-3 


180 









Weight of Vieille-Montagne Zino Sheeting per Square Foot. 



Gauge. 


Lb. 


Ozs. 


Drms. 


Gauge. 


Lb. 


Ozs. 


Dmis. 


9 





10 


5 


14 




2 


12 


10 





11 


7 


15 




5 


12 


11 





13 


5 


16 




8 


12 


12 





15 


2 


17 




11 


11 


13 


1 





15 


18 




14 


11 



Thickness of Tin Plates. 



ic = 30 B. G. 
IX = 28*1 

ixx = 26-8 



ixxx = 25-8 
ixxxx = 248 
ixxxxx = 23 9 



ixxxxxx = 23-1 
DC = 27-8 
DX = 25-6 



DXX = 24-2 
Dxxx •=. 23-0 

DXXXX = 22-0 



Table Showing the Number of Square Feet a Cwt. of Sheet Lead 
will cover on a Flat Eoof or Gutter. 



28 feet inches. 



Thickness. 
Inch. 


Weight per 
Square Foot. 

5 I Milled lead 


#b 


6) 
7\ 




8 




Jth 


9 
10 
11 


>- Cast lead 


*th 


12 J 





{ 22 


17 


(l8 


11 


/ 16 


11 


14 


11 


12 


•1 


1 11 


^y 


10 


•t 


\ 9 


J> 



5 

8 





6i 

3 

2 

4 



»» 
11 
»> 



^') 



Specific gravity = 11-325. 
Weight per cubic foot = 708 lbs. 

330 l|-inch galvanised slate nails weigh 1 lb. 
50 5 -inch lead nails weigh 3 lbs. 2f ozs. 



BOX TINPLATBS. 
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Box Tinplates: Bimennoni and Weights. 



Description. 


Mark. 


CoxpmonKo. 1... 


• • • 


IC 


Ores- No. 1 


• • • 


IX 


Two crosses No. 1 


• • • 


TXX 


Three crosses No. 1 


• • • 


IXXX 


Four crosses No. 1 


• • • 


d:x2:x 


Ck>mmon No. 1 ... 


• • • 


IC 


Gross No. 1 ... 


• • • 


TX 


Two crosses No. 1 


• • • 


TXX 


Three crosses No. 1 


• • • 


TXXX 


Four crosses No. 1 


• • • 


TXXXX 


Common No. 1... 


• •t 


IC 


Cross No. 1 


• ■ • 


TX 


Two crosses No. 1 


• • • 


TXX 


Three crosses No. 1 


• •• 


TXXX 


Four crosses No. 1 


• • • 


TXX7:X 


Com moB No. 1 


• ■ • 


IC 


Cross No. 1 


• • • 


IX 


Two CTOSses No. 1 


• • • 


IXX 


Three orosses No. 1 


• • • 


IXXX 


Four crosses l)o. 1 


• •• 


TXXXX 


Com mon doubles 


• • • 


DC 


Cross doubles ... 


• •■ 


DX 


Two- cross doubles 


• •• 


DXX 


Three-cross doubles 


• • • 


DXXX 


Four-cross doubles 


• • • 


DXXXX 


Common doubles 


• •• 


DC 


Cross doubles ... 


• •• 


DX 


Two-cross doubles 


• • • 


DXX 


Three-cross doubles 


• •• 


DXXX 


Four-cross doubles 


• • • 


DXXXX 


Common doubles 


• • • 


DC 


Cross doubles ... 


• •• 


DX 


Two-cross doubles 


• * • 


DXX 


Three-cross doubles 


• • • 


DXXX 


Four-cross doubles 


• • • 


DXXXX 


Small common doubles 1 


SDC 


Small cross doubles 


... 


SDX 


Small two-cross doubles 


SDXX 


Small three-cross doubles 


SDXXX 


Small four-cross doubles 


SDXXXX 


Small common doubles 


SDC 


Small cross doubles 


... 


SDX 


Small two-cross doubles 


SDXX 


Small three-cross doubles 


SDXXX 


Small four-cross doubles 


SDXXXX 



Dimenaions 

of 

Sheets. 



Inches. ' 
14X10 
14x10 
14x10 
14x10 
14x10 
14x20 
14x20 
14 X 20 
14x20 
14x20 
28x20 
28x20 
28x20 
28x20 
28x20 
12x12 
12x12 
12x12 
12x12 
12x12 
17xl2i 
17xl2i 
17xl2i 
17xl2i 
17xl2i 
17x26 
17x25 
17x25 
17x26 
17x26 
84x25 
34x26 
34x26 
34x25 
34x25 
16x11 
16x11 
16x11 
16x11 
15x11 
16x22 
16x22 
16x22 
16x22 
16x22 



Number 


Weight 


of Sheets 


of Each 


in a ^x. 


Box. 


Sheets. 


Lbs. 


225 


108 


225 


136 


225 


157 


225 


178 


225 


199 


112 


108 


112 


136 


112 


157 


112 


178 


112 


199 


66 


108 


66 


136 


66 


167 


66 


178 


56 


199 


225 


108 


226 


136 


226 


157 


226 


178 


226 


199 


100 


94 


100 


122 


100 


143 


100 


164 


100 


185 


60 


94 


60 


122 


60 


143 


60 


164 


60 


186 


26 


94 


26 


122 


26 


143 


26 


164 


26 


186 


200 


167 


200 


188 


200 


209 


200 


230 


200 


251 


100 


167 


100 


188 


100 


209 


100 


230 


100 


251 



jy^.j-The weights of the cross-marked boxes adyanoe at the rate 
« 21 lbs. per Cross. 
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Weight of Copper Haib. 

1 inch weigh about 3 lbs. 4 ozs. per 1,000. 
H 

2 
2J 



»» 


JJ 


H 


%7 


»» 


a 


n 


M 


» 


?J 


?» 


n 


11 


>» 


4 


>5 


» 


»» 


Jl 


5» 


j» 


29 


» 


4 


» 


» 


It 


»» 


»J 


M 


40 


»> 







»» 


n 











B. Wire 
Gauge. 


Size of Sheets. 


Weight per 
l^uare 
F^t. 


Weight per 

100 Square 

Feet. 


Sqoara 

Feet 

per Ton. 


No. 16 

» 18 
„ 20 
„ 22 
„ 24 
M 26 


Feet. 
6 X 2 to8 X 3 
6 X 2 to8 X 3 
6 X 2to8 X 3 
6 X 2 to 7 X 2i 
6 X 2 to 7 X 2i 
6 X 2 to 7 X 2i 


3-5 

2-6 

205 

1-76 

1-36 

112 


Cwt 
3 
2 

1 
1 
1 
1 



1 
3 
2 




Lbs, 

14 

6 

6 

6 


800 
1,000 
1,250 
1,550 
1,880 
2,170 



^th weight to be added for lappage. 



Belatiye Sleotrieal Condnotivity of Metali. , 



Silver 


. 100 


Iron 


. 12 


Copper 


. . 74 


Lead . 


. . 8 


Brass 


. 24 


Platinum 


. 8 


Tin . 


. . 15 


Bismuth . 


. . 2 



Melting Point of Metals. 





•F. 


Specific 
Heat. 




'F. 


Speciflo 
Heat. 


Aluminium 






Nickel . . . 


2,810 


•109 


(pure) . . 


1,300 


•234 


Platinum . . 


3,080 


•039 


Antimony 


810 


•061 


Silver 


1,832 


•057 


Bismuth . . . 


507 


•031 


Steel (hard) . 


2,370 


Vll7 


Brass . . . 


1,650 


•094 


Steel (mild) . 


2,550 


Copper 

Gold . . . 


— 


•095 


Tin . . . 


- 446 


•067 


2,166 


•032 


Zinc . 


736 


•096 


Iron (cast) . . 


1,920 to 


•130 


Phosphorus . . 


110 


•288 




2,012 




Spermaceti 


120 




„ (wrought) 


2,912 


•110 


Sulphur . . 


230 


-203 


Lead 


612 


•081 


Tallow 


92 




Manganese . . 
Mercury . 


- 39 


•144 
•033 


Wax (bees') . 
„ (paraffin). 


160 
114 





SHRINKAGE OF CASTINGS. 
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Cast iron usaally consists of from 3 to 5 per cent, of carbon, which 
in white iron is thoroughly combined with the iron, and in grey iron 
0*6 to 1*5 per cent, is combined, and the remainder crystallises 
separately as graphite. 

Cast iron contracts ^ inch per foot ; patterns should therefore be 
that amount larger, or say 1 per cent. 



ITiual Allowance for Shrinkage of Castings per Foot. 






>i 



»» 



>» 



I) 



For cast iron pipes . 

beams and girders 

cylinders, large . 

}) «< .« small 

Brass 

Lead 

Zinc . 

Copper 

Tin . 



Parts of an Inch. 



125 

1 

094 

06 

17 

31 

25 

17 

25 



= 4 

= ^ 

— 8 

— « 

= A 

= A 

= 4 

= i 

= ft 



Bismuth 



154 = 



Babbitt Metal. 



Proportions of Babbitt metal for running in cast iron boxes — 

1. For light work . . ,60 tin, 5 antimony, 1 copper. 

2. ,. heavy „ . . . 46 „ 8 „ 4 ,. 



M 



Attrition Ketal. 

One copper, 8 best tin, 2 regulus of antimony ; heat separately and 
then mix and add 3 more parts tin ; on remelting add twice the 
quantity of tin to one of above mixture. 

Delta Metal. 

Cait.— Copper, 55-94 per cent. ; zinc, 41*61 per cent. ; iron, '81 per 
cent. ; manganese, *81 per cent. ; lead, *72 per cent. ; phosphorus, 
'013 per cent. ; nickel, a trace. 

Wrought. — Copper, 65*8 per cent. ; zinc, 40*07 per cent. ; lead, 
1*82 per cent ; iron, 1*28 per cent. ; manganese, *96 per cent. ; 
phosphorus, *011 per cent. ; nickel, a trace. 

Boiled. — Copper, 55*82 per cent. ; zinc, 41*41 per cent. ; manganese, 
1*38 per cent. ; iron, '86 p«r cent. ; lead, *76 per cent. ; nickel, "06 per 
cent. ; phosphorus, a trace. 

Hot-ponehed Metal.^Copper, 54*22 per cent. ; zinc, 42*26 per cent.: 
lead, 1*1 per cent ; manganese, 1*09 per cent. ; iron, *99 per cent ; 
nickel, *16 per cent. ; phosphorus, *02 per cent. 

Tensile strength of cast == 35 tons per square inch« 
*> »> » forged ^ 42 „ „ ,, „ 

Will not weld, but can be solderect ; 



H 2 
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To Cmo harden. — Make the surface bright, beat to red beat, rab 
with prussiate of potash, and quench in water. Or, better, heat the iron 
in a close box filled with bone dust and cuttings of horn and leather. 
(Unwin.) 



Colours and Temperatnres for Hardening Tooli. 



Pale straw 


= 430''F. 


for lancets, &c. 


Dark yellow 


= 470*'F. 


„ razors. 


„ straw 


= iTO^'F. 


„ penknives. 


Clay yellow 


= 490°F. 


„ chisels and shears. 


Brown „ 


= 500»F. 


„ adzes and plane irons. 


Very pale purple 


= 520°F. 


., table knives. 


Light purple 


= 530°F. 


., swords and watch springs. 


Dark „ 


= SSO^'F. 


,, softer swords and watch springs. 


„ blue 


= STO'^F. 


„ small fine saws. 


Blue 


= SQO^'F. 


., large saws. 


Pale blue 


= 610**F. 


„ saws, the teeth of which aie set 
with pliers. 


Greenish blue 


= 630°F. 


„ very soft temper. 



To unite two pieces of lead, the surtaoes to be joined are scraped 
bright, and between them there is immediately inserted a very thin 
leaf of lead amalgam — that is, lead-foil that has been saturated with 
mercury. On passing a soldering iron along the seam, or by heating 
in some other way, the mercury is vaporised and driven off. The 
lead is left free in an extremely fine state of division, and in that state 
readily fuses, and forms a sound joint between the adjacent parts. 
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nOPOXTIOHS OF BOLTS AKD HXTTS. 

(Unwin.) 

Hexagon Huts. 

Diameter across flats = D = l'6d + 0-18 to V5d + 0*44 if rough. 

= l-5rf + 0-06 to l-5d + 018 if bright. 

angles = J)^= l'75d + 0*16 to l-76d + 0*4 if rough. 

„ = l'75d + 0-07 to l'75d + 0*2 if bright 

Height of nut = d ss diameter of bolt. 

, , d 

lock nut = 



I) 



If 






n 



» 



2 



I) 



»» 



M 



Square ITuts. 

Diameter across flats = 1.5^ + 0'18 to 1*5^ -f 0*44 if rough. 

„ = l-5rf -I- 0-06 to Ibd + 018 if bright 

angles = 2'12d + 0-25 to 2'12d + 0*6 if rough. 

„ = 2-12d + 0-08 to 2:i2d + 0-25 if bright 

Head of bolt may be square, hexagonal, or circular. Its height ^ to d. 

Washers. 

Thickness, 0*15^ ; diameter {D^. 

Small washers are usnallj 14 B.W.G. or 0*088 inches thick. 

Washers for wood may be 3^ in diameter and O'Sd in thickness. 

Length of spanner = 15d to ISd, 

A workman exerting a pull of 30 lbs. on a spanner will cause 
tension in the bolt = 2,460 lbs., a force enough .to break a f inch bolt, 
and to seriously strain a ^ inch bolt. Therefore bolts of less than 
f inch diameter should not be used for joints requiring to be tightly 
screwed up. 

Komber of Cold-punohed Nuts per 100 Lbs. 



Inch. 


Square. 


Hexagon. 


Inch. 


Square. 


Hexagon. 


f 


1,951 


3,020 


1 


109 


100 


h 


812 


800 


H 


81 


83 


! 


428 


444 


H 


65 


62 


248 


261 


n 


34 


81 


f 


165 


165 











Weight in Lbs. of Knts and Bolt Heads. 






Head and 

Nut. 






Diameter of Bolt in Inches. 




•017 
•021 


a 
« 

•067 
•070 


•128 
•164 


•267 
•S21 


f 


i 


1 

1-1 
1-81 


2^14 
2-66 


3-77 
4-42 


If 

5^62 
700 


• 
2 


2i 

17-2 
21*0 


3 


Hexagon 
Square. 


•43 
•663 


•73 
•882 


876 
10-6 


28-8 
86-4 



BOLTS, NXrrS, AND WASHERS. 
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Weight of Wrought Iron Hexagon Bolt Heads and VvbXn, 

(Another Rule.) 



J inch = 

I ,. = 



»» 



I inch 



•017 lb3. 


i inch = -461 lbs. 


1^ inches 


059 „ 


5 „ = "73 1, 


li .. 


137 „ 


1 „ =1-09 „ 


2 „ 


267 „ 


1* „ =2-13 „ 





3-68 lbs. 
5-86 

8-74 



»» 



It 



»> 



If lbs. 
2i 



ft 



Weight of Washers per 100. 
i inch = 6} lbs. 1^ inch 

J M = 8^ „ IJ „ 

1 „ =10} „ H „ 



= 18i lbs. 
= 24 „ 

:=30 



it 



Strength of bolts— allow a factor of safety of 8. 



Strength of Botts. (Unwin.) 



Diameter of 


Strength when 
there is no 


Pull on 


Stress due to 


Effective 

Strength when 

screwed up 

against an 

Elastic Flange. 


Bolt 


stress due to 
screwing ap. 


Spanner. 


screwing up. 


Inches. 


Lbs. 


Lbs. 


Lbs. 


Lbs. 


i 


1,008 


16 


1,312 




1 


1,836 


18 


1,476 


360 


} 


2,736 


20 


1,640 


1,096 


J 


3,798 


23 


lj890 


1,908 


1 


4,986 


25 


2,050 


2,936 


IJ 


6,273 


27 


2,214 


4,069 


IJ 


8,046 


29 


2,380 


5,666 


If 


10,044 


32 


2,624 


7,420 


li 


11,700 


34 


2,790 


8,910 


11 


15,760 


39 


3,200 


12,510 


2 


20,790 


43 


3,530 


17,260 


H 


27,180 


47 


3,940 


23,240 


H 


33,570 


62 


4,260 


29,310 


2f 


41,760 


57 


4,670 


37,090 


3 


48,870 


61 


5,000 


43,870 


H 


58,590 


65 


5,350 


53,240 


H 


68,310 


70 


5,740 


62,570 


3f 


79,740 


74 


6,100 


73,640 


4 


90,090 


79 


6,500 


93,590 


5 


136,080 


97 


7,950 


128,130 


6 


212,760 


115 


9,450 


203,310 
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PrapoTtien of BiTcted JolnU> 



Thkkuaor 


»„,„»»™. 


PitoliofBiT«ta. 


CmtnorRlvetito 1 
BdgtotPUto. 1 


Inn. 


St«l. 


Iron. 


Stul. 


Iron. 


SMeL 


1Kb. 

i 


Indi. 
1 

f 
If 


loch. 

u 


iDCbat 
2 

3 


InchM. 

2 

21 

1 


Inch. 

1 


lock. 





HIVMI. 


"'"" 


ofPliiei'- 


ZlgBg. 


Cln 1 
















Inn. 


■"^ 


Iron. 


Bt«L 


i™. 


8(«1 


Imn. 


StML 


Imn. 


BUxd 




In. 




Inn. 


Ins. 




In 


In 








t 


1 


ti 


2| 


^ 






11 






2i 


,1 




■^J 










U 


21 




f 


l" 




.'** 


JA 


1| 


ff 


!t 


21 


il 


f 


lA 


9* 




1& 


'I 


IP 


3 


>« 


ii 




8ft 








2 


n 


* 


1* 


1* 








ii 


■tt 




2 


3 



RIYBTED JOINTS. 



106 



Proportion of Riveted Joints — eontimied. 

Single Biveted Double-bntt Joints. Iron Plates and Biyets, and 

Steel Plates and Bivets. 



Thickness 

of 

Plates. 


Diameter of 
Bivets. 


Pitch of Bivets. 


Centre of Rivets 
to Edge of 
Plate. 


Thickness of 
Butt Strap. 


Iron.- 


StMl. 


Iron. 


Steel. 


Iron. 


steel. 


Iron. 


steel. 


Inch. 

1 

4 
i 

1 

i 


Inch. 

i 

i 

i« 
li 


Inch. 

ii 
i 

14 
14 


Inches. 

1« 
2i 

24 
24 

^ 
2tt 

2B 
Si 


Inches. 

2* 

2& 

2f 

2i 

2| 

2| 

3 


Inch. 

n 

14 

li 

li 

14 

If 

li 

itt 


Inch. 

It 

li 

14 
If 
li 
l| 

in 


Inch. 

i 
i 

i 

i 

4 
4 

4 


Indi. 

i 
i 

t 

f 

4 
i 
4 



Double BiTeted Donble-bntt Joints. Iron Plates and Bivets. 


Steel Plates and Bivets. 


1. 






Centre of 


Distance between Bows 


Thickness 

of 
Batt Strap. 


Thicknesf 
of Plates. 


Diameter 


Pitch 


Bivets to 


of Bivets. 


of Bivets. 


of Bivets. 


Bdgeof 
Plates. 




Zigzag. 


Chain. 


Iron. 


steel. 


Iron. 
In. 


steel. 
In. 


Iron. 


Steel. 


Iron. 
In. 


SteeL 
In. 


Iron. 
In. 


Steel. 


Iron. 


Steel, 


In. 


In. 


In. 


In. 


In. 


In. 


In. 


In. 


ft 


i 


ijl 


H 


3i 


1* 


1ft 


1« 


1| 


2 


2i 


1 


1 


f 


ii 


i 
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1ft 
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2f 
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1* 


2ft 


2| 


2| 
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Biveted Joints. — Ultimate resistance to shearing 

= 22 tons per square inch of rivets if wrought iron. 
= SO to 40 tons per square inch of rivets if steel. 

Bolts. — Heads should be at least •? times the diameter of screwed 
ends of bolts. 

Vnts. — Should be at least •SS times the diameter of screwed ends 
of bolts. 

Table of mtimate Single Strength of Bivets. 



Dlametsr. 


Tons. 


Diameter. 


Tons. 


Diameter. 


Tons. 


iinch 

i .. 
i .. 

i » 


•246 
•986 
222 
894 


finch 
1 „ 


6-16 
8-88 
121 
16^8 


1| inch 

li » 
If » 


20 

24-6 

29*8 
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If the riyet is in double shear it will have doable the strength 
shown in table, i,e. 
If a butt joint has two cover plates — one each side. 



Weight of Kivet Heads (aotnal). 



Two 1-inch rivets (heads only) = 91 ounces 


II 8 II »l II — "f II 


II * II II »l — *l II 


II § »l « II — *'4 II 


II a II II II ~ -^^a II 


Weight of BlTot Heads. 


No. 10 rivet heads, 1 inch diameter = 2*7 lbs. 


II II s II II — 2*2 „ 


II II * II II == 1*^ II 


1 ,1 ,1 = 0-9 „ (W. L G.) 


Diameter of Bivets for Plates of Different Thieknesses. 


Thickness of 
Plates == t. 


Diameter of Rivets = d. 


Diar. of Rivets after 
Riveting si -Did. 


Inches. 




Inches. 




i 


0-60 


& 


0-624 


& 


0-67 


^ 


0-72 


1 


0-73 


4 


0-78 


ii 


0-79 


ii 


0-85 


i 


0-85 


i 


0-91 


& 


0-90 


i 


0-91 


1 


0-95 


ii 


0-97 


f 


1-04 


1^ 


1-10 


i 


1-12 


1* 


M7 


1 


1-20 


lA 1-24 



Besistance to Shearing. 

' When rivets fit the holes exactly, shearing: stress = P -r area of 
cross-section. 
If the section is rectangular, and pressure perpendicular to one 

Side, = 2- 

If the section is circular or elliptical, and pressure perpendicular 

4 P 
to one side, = __. 

3 a 

If the section is square, and pressure acts parallel to a diagonal, 

_9 P 

8 a 
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Xeii0tano6 to Torsion. 

-, . ^. . 12 X 33,000 X HP. 
Twisting moment = — — — 

Besistance to twisting = Shearing stress x Z^ 
Z^ for cylindrical bars = 0*196 d^ 

Z - ., hollow do. do. = 0-196 ^i^lA* 
f di 

Z . „ square bars = 0*208 side* 

Average Froportioni of Bivets to Diameter of Hole. 

The shearing resistance of steel rivets is little greater than of rivet 
iron, owing to its necessary soft quality. 





|Mf7.HJ 

Small rivets for plates less than f inch thick may be riveted cold. 
Strength of Biveted Joints to Plates. 



Joint. 


Riveting. 


Cover Straps. 


Pitch of Rivets. 
Diameters. 


Strength of 
Joint to Plate. 


Lap 
Butt 

Lap 
Butt 

>» 


Single 
»» 

Double 


1 
2 

1 
2 


Sd 

Sd 

S'26d 

i-S>d 

i'od 

5-5<i 


•56 
•56 
•57 
•69 
•69 
•72 



Shearing resistance of iron or steel bars = |ths their tenacity. 
Bivet iron, shearing resistance, in lbs., per square inch 49,600 
steel „ „ „ ,. „ 52,800 



n 



»» 



»» 



a 



>» 



»» 



Values of Biveted Joints and Apparent Tenacity in Lbs. per 

Square Inch. 





Iron 


Steel 




Steel 




Plates. 


Plates. 


Plates 


Plates. 


Single riveted, drilled . 


0*88 


1-00 


40,500 


62,000 


„ „ punched 


0*77 


0-90 


35,400 


65,800 


Double „ drilled . 


0*95 


106 


43,700 


65,700 


„ .. punched 


0*85 


1-00 


39,000 


62,000 


Treble „ drilled . 


^— 


1-08 


45,000 


67,000 



Taking iron at 46,000 lbs. per square inch, and steel at 62,000 lbs, 
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Appurwit Bliaaring Besiitanea of Birets in Bireted JoiatflL 

(Unwin.) 

Iron riyets in punched boles . . . 46,000 lbs. per square inciu 

„ „ drilled ., ... 43,000 ,, ., ,, 

Steel „ punched ., ... 53,000 „ I, 1, 

„ drilled „ ... 49,000 „ „ „ 

Proportions of BiTOta.— The height of a finished snap-head should 
be from fths to fths the diameter of shank. Allowance in length 
necessaiy for this = 1^ times the diameter ; in machine riveting »id 
ith to (th more. Allowance for countersunk riveting = diameter of 
shank. 

Strength of double riveted joint = 70 per cent. 

„ „ single „ „ = 56 „ (Herring.) 

Diameter of rivets in plates under | inch thick should be twice 
the thickness of the plate. 

Diameter of rivets in plates above ^ inch thick should be H times 
the thickness of the plate. ____^^ 

Proportion' of rivets to thickness of plate diameter =1*2 Vthickn^ 
of plate. (Unwin.) 

Advantage of machine riveting is that the rivet is still hot when 
the head is finished. 

Pressure on rivets bj machine = about 25 tons. 

Holes in iron should be punched, and afterward drilled out |th inch 
larger to prevent starring and damage to the surrounding metal, or 
drilled full size — in all girder work. 

Rivets are not considered reliable in tension. 

The best way with steel plates is to anneal them after punching if of 
i inch to f inch thickness, or the holes rimered after punching. Above 
this thickness all plates should be drilled. 

The sharp square edge of a drilled hole is not likely to add 
any strength to the rivet, but rather the reverse. 

If the plates through which a rivet is to be passed are more than 
6 inches in all it is distinctly better to use bolts. 

The old plan of driving a conical drift into the rivet holes is an 
objectionable method of ensuring agreement, as it injures the plates, 
but if the holes are rimered when in position the punched hole is 
improved in strength. 

With very soft, ductile plates, it is believed that the injury done in 
punching is comparatively small if the punch be sharp. But with 
rigid plates the injury is apparently serious, the plates being 
weakened 15 per cent, to 30 per cent. (Unwin.) 

To fill up the hole and form a head, from 1*3 to 1*7 times the 
diameter should be allowed in ordinary riveting, and about three- 
fourths the diameter if countersunk rivets are to 1^ used. 

Machine riveted work is slightly stronger than hand work. 
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strength and Weight of Hemp and Wire Sopes. 



Tarred Italian Hemp. 




Wire Rope. 






Hawser Laid. 




Havtser Laid 


• 


Circum- 


R W 


Weight of One 


Iron 


Steel 


Weight of One 


ference. 


JOt TT • 


Fathom. 


B. W. 


B. W. 


Fathom. 


Inches. 


Tods. 


Lbs. 


Tons. 


Tons. 


Lbs. 


h 


•11 


•15 








f 


•17 


•221 








1 


•30 


•3 


1-0 


— 


•94 


u 


•89 


•43 


1-35 


_ 


1-5 


n 


•94 


•57 


216 


6-25 


2-5 


2 


1^44 


•93 


40 


11-2 


3-5 


2i 






5-0 




4-5 


^ 


216 


1-5 


6-0 


19-5 


5-75 


2f 


_— 




7-73 


— 


6-5 


3 


3-0 


2-02 


9-2 


24-6 


75 


H 






10-93 


27-5 


8-6 


H 


4-2 


2-9 


12-5 


450 


10-75 


4 


5-6 


3-8 


15-75 


54-5 


13-25 


H 


6-75 


4^7 


21-0 


66-87 


17-75 


5 


8-0 


6-0 


24-8 


— 


21-5 


H 


11-0 


71 


300 


83-0 


26-5 


6 


14^26 


8-5 


362 


100-0 


31-5 


6i 


16-1 


100 


42^75 




40-6 


7 


20-6 


11-7 


48-35 




42-5 


7i 


21-75 


13-3 


550 


— 


46-75 


8 


25-76 


150 


590 


— 


51-75 


8* 


28-0 


170 


65-33 


— 


58-42 


9 


30-5 


190 






- 


H 


33-75 


21-3 








10 


360 


23-6 








101 


38-9 


26-0 








11 


420 


28-5 
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461 


30-0 








12 


48-5 


340 









STRENGTH OF BOFBS AND CHAINS. 

Sound Bopes of Iron and Steel Wire. (R. A. Rule.) 



Ill 



Circum- 
ference in 
Inches. 


Weight 
per Fathom 
in lbs. • 


Iron Wire. 


Steel Wire. 


Safe Load 
in 
Tons. 


Breaking 

Load in 

Tons. 


Safe Load 

in 

Tons. 


Breaking 

Load in 

Tons. 


1 

H 
2 

2i 
3 

H 

4 

5 

H 

6 


1 

1-6 

2 

4 

6 

8 
11-5 
15-5 
19 
23 
28 
34 
40 
46 


0-33 

0-58 

0-7 

1-25 

1-86 

2-96 

3-88 

4-92 

6-56 

7-73 

936 

11-32 

13-3 

15-1 


1-0 
1-75 
2-1 
3-75 
6-6 
8-86 
11-65 
14-75 
19-65 
23-2 
28-1 
33-96 
40-0 
46-3 


0-83 

1-26 

2- 

3;33 

5-33 

8- 

10-66 

13-33 

17- 

21- 

26-33 

30- 

35-33 

41 


2-6 

3-76 
6 

10 
16 
24 
32 
40 
51 
63 
76 
90 

106 

123 



Steel wire ropes are usually made from | to } inch diameter, but can 
be had up to 3 inches diameter. When made with a hempen core they 
are more pliable, and for that reason more generally adopted for the 
purpose of transmitting power, when the wire rope takes the place of 
the leather straps which are more usually employed. One advantage 
of the use of rope gearing is the greater distance over which the power 
can be transmitted. 

In testing steel cables, the result will only equal about 76 per 
cent, of the aggregate strength of the individual wires. 

Safe working strain in tons of iron chains = 

(diameter in eighths of inches)' 

10 

Weight in Ibi. per fathom of iron chain = (diameter in eighths of 
inches)^ 

Safe working strains in tons of rope = ciicamference]^ 
Weight in Ibi. per fiithom of tarred rope = circumference* 

White rope is about ^ lighter. 



Safe Working Loads in Iron Chains. 







Load. 




Diameter. 




Tons. 


OwtB. 


Diameter. 


1 inch 


ss 


1 





linch 


i . 


:= 


1 


14 


1|» 


5 " 

4 T) 


=s 


2 


16 


li. 


=i 


4 





If M 


■ >t 


= 


6 


10 





Load. 
Tons. Gwts. 

7 

9 
11 
13 
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Approziniate Strength of Chaini. 

The square of the diameter in eighths = the weight of chain in Ibt. 
per fathom. 

The square of the diameter in eighths divided by 2 = breaking 
weight in tons. Safe load = ). (F. Sogers.) 

TUftperatiire of iron when welding.— 1,500 to 1,600° F. 



Stzmins in Bopos ronnd Pnlieyi. (B. A. Tests.) 
Two treble blocks nsed. Weight lifted = 69 cwt. 109 lbs. 



Fbtition where Stiftin ia 
taken. 


Strain. 


Holding alter 
Loweiini^ 


Raising. 


Lowering. 


Free End. 


16-37 


6-91 


6-62 


Ist return 
2nd „ 
8rd „ 
4th ., 
6th „ 
6th „ 


18-28 

12-0 

10-67 

9-7 

8-7 

6-105 


7-10 

8-42 

9-42 

10-66 

12-28 

18-66 


7-84 

8-84 

9-60 

10-66 

11-77 

12-0 


Total, excluding free 
end 


60-45 


61*84 


60-61 



The free end has no share in supporting the weight. 

When a weight is being raised, the strain on &e running end is 
greatest, the sum of all the friction being at that end, and on the 
standing end least. When the weight is being lowered the reyerse 
is the case. 

Safe Working Loads on Hemp Bopef. 



Ciroomfbrence. Load. 


Oircnmlisrettce 


• 


Load. 


1 inch 


= If cwt 


6^ inches 


= 2 tons 14 cwt« 


1» „ 


= 4 „ 


6 „ 


= 3 


n 


* ,, 


2 „ 


= 7 „ 


6i n 


=r 3 


ft 


1H« 


2i „ 


= n „ 


7 „ 


= 4 


n 


n« 


8 „ 


= 16 » 


7* „ 


s 5 


n 


„ 


H . 


= 21 „ 


8 t, 


= 6 


n 


1* „ 


4 „ 


= 28i „ 


8* „ 


= 6 


n 


7 „ 


4i „ 


= 86 „ 


9 V 


= 7 


M 


1 ,, 


5 „ 


= 44i „ 




« 







Testing Iron and Steel.— If a fracture of iron giyes long, 
fibres of a leaden grey hue, the fibres cohering and twisting togsXhia 
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before breaking, it may he considered a tough soft iron. A medium, 
even grain mixed with fibres is a good sign. A short blackish fibre 
indicates badly-refined iron. A very fine grain denotes a hard, steely 
iron, apt to be cold-short and hard to work with a file. Coarse 
grain, with brilliant crystallised fracture, and yellow or brown spots, 
denotes a brittle iron, cold-short, working easily when heated. This 
iron welds easily. Cracks on the edge of bars are a sign of hot-short 
iron. Good iron is readily heated soft under the hammer, and 
throws out but few sparks. Nitric acid will produce a black spot on 
steel ; the darker the spot the harder the steel. Iron, on the contrary, 
remains bright if touched with nitric acid. Good steel in its soft 
state has a curved fracture and a uniform grey lustre ; in its hard 
state, a dull, silvery, uniform white. Cracks, thread, or sparkling 
particles denote bad quality. Good steel will not bear a white heat 
without falling to pieces, and will crumble under the hammer at a 
bright red heat, while at a middling heat it may be drawn out under 
the hammer to a fine point. (" Journal of Gas Lighting.") 

Contraction at point of fracture should be about 10 per cent, for 
plates, 15 per cent, for T and L iron, and 20 per cent, for round or 
square bars. (Kirkaldy.) 

Iron or steel subjected to stresses above half their ultimate strength 
are permanently disabled. 

Breaking strength equals 39 (1 + C.«) tons per square inch (C. = 
per cent, of carbon). (Bauschinger.) 

In calculating the weight of metals up to 100*^ C, the temperature 
can be omitted as the difference is so small (xr^)- -^^ ^^^ '^ 
one square inch in section exerts a force of one ton by contraction 
in decreasing in temperature 9** C. 

Wrought iron increases i^Iq^ of its length for every ton per square 
inch of tension up to the limit of elasticity. (Unwin.) 

The expansion due to a tension of one ton per square inch is pro- 
duced by a rise in temperature of from 12° to 16° F., according to 
the quality of the iron. Wrought iron expands by heat ^th more than 
cast iron, while tension causes twice as much stretch in. cast iron as in 
wrought iron when within the elastic limit. 

27° F. increase or decrease of temperature causes an expansion 
or contraction, equals a stress of one ton per square inch, if the metal 
be fixed at each end. 

Strength of wrought iron and steel increases with a rise of 
temperature up to about 500° F., beyond which point the metals 
become plastic and will fiow under almost any strain. (Professor 
R. C. Carpenter.) 

The tensile strength of steel diminishes as the temperature increases 
from zero until a maximum is reached between 200° and 800° F. ; 
the total decrease being about 4,000 lbs. per square inch in the softer 
steels, and from 6,000 lbs. to 8,000 lbs. in steels of over 80,000 lbs. 
tensile strength. From this minimum the strength increases up to 
400° to 650° F. ; the maximum being reached earlier in the harder 
steels, and the increase amounting to from 10,000 lbs. to 20,000 lbs. 
per square inch above the minimum strength at from 200° to 
300° F. (J. B. Howard.) 

OB. I 
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nbet of Temperature on the Strength of Steel and Wrought 

Iron. 

Taking the initial temperature at QP C, with an increase of tempera- 
ture of 200^ C, the strength of wrought iron is reduced 5 per cent 



At 800° Cent 10 per cent. 
» 400 „ 27 
» 500 .. 62 



n 



At 600° Cent. 81 per cent. 
800 M 89 „ 



» 



„ 1,000 



n 



96 



>f 



The ratios between cast iron, wrought iron, and steel are 13*34, 
10, and 10*7 respectively. 



Diminution of Strength of Copper hy Heat. (Franklin Institute.) 



Temperatare above 


Diminution of 


Temperstore above 


Diminution of 


82 degrees. 


Strength. 


82 degrees. 


Strengtli. 


Degrees. 




Degrees. 




90 


00175 


660 


0-3426 


180 


0-0540 


769 


0-4389 


270 


0-0926 


812 


0-4944 


360 


01513 


880 


0*5581 


450 


0-2046 


984 


0*6691 


460 


0-2133 


1000 


0-6741 


513 


0-2446 


1200 


0-8861 


629 


0-2658 


1300 


1-0000 



Weight of Cast Iron Pipes. (^See also page 286.) 

In lbs. per lineal foot. The weight of two flanges or one socket may 
he reckoned weight of 1 foot : — 









Thickubsb or Mkal. 1 


Bore. 






■ 


1 


1 
■ 


f 


i 


1 


1 


U 


H 


Tnchen. 


2 


8-7 


12-3 


161 












3 


12-4 


171 


22-2 












4 


161 


221 


28-3 












5 


19-8 


26-9 


344 


42-3 










6 


23-4 


81-9 


40-6 


49-7 










7 


27-1 


36-8 


46-7 


56-8 










8 


30-8 


41-6 


52-8 


64-3 










9 


34-4 


460 


58-9 


71-7 










10 


_ 


M-4 


65-1 


790 


93-3 
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Weight of Cast Iron Tipeu—Cpontimied^, 

In lbs. per lineal foot. The weight of two flanges or one socket 
may be reckoned weight of 1 foot : — 









Thickness of Metal. 






Bore. 












1 


i 




i 


1 


U 


U 


Inches. 


i 


1 
86-4 


11 


»t^mm 


56-4 


710 


101-8 






12 


_ 




77-3 


93-7 


110-4 


127-4 






14 






89-6 


108-4 


127-5 


147-0 






15 








115-7 


1361 


156-8 






16 




— 


— 


1231 


144-7 


166-6 






18 




— 




137-9 


161-8 


186-2 






20 


— 








178-9 


205-8 


260-3 




22 


^_ 


— 




— 




225-4 


284-8 




24 


— - 


^^ 




~^— 




2450 


309-3 





All cast iron pipes above 6 inches diameter should be cast on end, 
spigot up, and about 4 or 6 inches cut off afterwards in a lathe to 
remove the spongy portion. 



Bole for the Weight of Pipes. (Molesworth.) 



D = outside diameter of pipes in inchea 

d = inside ,, „ „ 

to = weight of a lineal foot of pipe in lbs. 



w = k (Da - rfa). 

k = 2-45 for cest iron = 2-64 for wrought iron ■= 2-82 for brass 
= 3-03 for copper = 3 86 for lead. 
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Ordinary Stock Bimeniioni of Spigot and Faucet Conneotions. 

The thickness of Metal is in proportion to Pipes. 

Short Bend. 



Diameter. 


2 in. 


Sin. 


4 in. 


5 in. 


6 in. 


7 in. 


8 in. 


9 in. 


10 in. 


12 in. 


A 


9 


12i 


Hi 


rn 


H« 


m 


loi 


16| 


m 


17f 


B 


12 


14 


16 


17S 


18i 


19* 


20J 


22 


221 


22f 


B 


61 


8i 


9 


10 


111 


11 


12 


13 


13 


13i 











Long Bend. 










Diameter. 


2 in. 

5| 

IH 
2f 


Sin. 


4 in. 


Sin. 


Sin. 


Tin. 

19f 
6f 


Sin. 


9 in. 


10 in. 


12 in. 


A 
B 
R 


it* 

3| 


7 

141 

4 


7* 

171 

4* 


8i 


12i 
19| 

8& 


12i 
21f 


12| 
23f 


14i 
25^ 
10| 



|TH Bend. 



Diameter. 


2 in. 


Sin. 


4 in. 


5 in. 


6 in. 


Tin. 


Sin. 


9 in. 
13ft 


10 in. 


12 in. 

in 


A 


7| 


9 


lOJ 


lOJ 


lOJ 


101 


15i 


B 


9 


lOf 


11 


111 


128 


131 


14i 


21 1 


19 


1(> 


R 


15^ 


17i 


ir,f 


17| 


17f 


16ft 


20i 


'^H 


.S.-4 


24i 



Average Weights of Connections. 



Internal 
Diameter. 


Tees. 


Collan 


1. 


Syphons. 


Gaps. 




Cwts. Qrs. 


Lbs. 


Cwts. 


Qrs. 


Lbs. 


Cwts. Qrs. 


Lbs. 


Cwts. Qrs. libs. 


2 


1 


17 








12 


2 


14 


9 


3 


2 


11 








25 


2 


25 


16 


4 


3 


9 





1 


5 


2 1 


4 


21 


5 


1 1 








1 


22 


4 


14 


12 


6 


1 2 








2 





4 1 


7 


1 13 


7 


1 3 


21 





2 


20 


4 1 


26 


1 21 


8 


2 1 


21 





3 


7 


4 2 


7 


2 3 


9 


2 3 


14 


1 





11 


4 2 


14 


2 24 


10 


3 2 


11 


1 





14 


4 3 


25 


3 5 


12 


4 2 


7 


1 


2 


7 


6 1 





1 14 


14 


6 3 


7 


2 








7 


7 


1 1 25 


15 


7 


18 


2 


1 





7 


7 


13 7 


16 


8 1 


7 


2 


2 


14 


7 2 


25 


1 3 14 


18 


9 1 


21 


3 





14 


11 1 





2 1 11 


20 


10 1 


14 


3 


1 


4 


12 2 


14 


2 1 25 


24 , 


16 3 





5 








13 





3 17 


^ 




1^^ 






■IM* 










1 



SOCKET BEKDS. 

i A >i 




■A' 
I 
I 



Short Bend. 



(P 



>- -V. 




Long Bend. 



:*... 



K— -A ----^ 




ith Bend. 
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Ordinary Stock Dimeniioni of Flanged Conneotiona. 





D . . . . 


In. 


In. 
2 


In. 

24 


In. 
3 

74 

12 
6| 


In. 

34 

84 


In. 
4 

44 

9 


In. 

44 

10 

14 

lOf 


In. 
5 


In. 

6 




(I 


24 


21 


n^ 


lOi 12 

t 


o 


F . . . . 


6 
9 
6 


64 


7 




H 


10 
54 


11 
6 


124 
11 


12i 
94 


16i 


181 


•4« 


R . . . . 


10 


1114 




No. of Holes in Flange 


4 


4 


4 


4 


4 


4 


4 


4 


6 




In. 
Centres of Holes . . 4J 


111. 1 III. 

H 1 5i 


In. 

5i 


In. i In. 
6i|7 


In. 

8 


In. 1 In. 
8i 10 





D . . . . 


In. 
14 

24 
6 

81 
15 


In. 
2 

21^ 

64 
94 

161 


In. 
24 


In. 
3 


In. 

34 


In. 
4 


In. 

44 


In. 
5 


In. 
6 




d 


3il, 

7 

n 

141 


3i4 

74 


4^ 

84 


44 


5f 


H 


6B 


• 


F .... 


9 

11^ 

164 


10 
111 

164 


lOi 


12 




L . . . . . 


104 
184 


11 

16^ 


12i^« 
18i 


124 




R . . . . 


134 




No. of Holes in Flange 


4 


4 


4 


4 


4 


4 


4 


4 


(> 




Centres of Holes . . 


In. 
44 


In. 
4| 


In. 
54 


In. 
5| 


In. 

64 


In. 

7 


In. 

8 


lu. ( In. 
8i 10 



H 



D . . . . 


In. 
14 

24 


In. 
2 

214 


In. 

2i 

3ft 

7 

9i 


In. 
3 

3| 

74 

9^ 

94 


In. 

34 

44 
84 
9* 
9& 


In. 
4 

4i 
9 


In. 
44 

5| 

10 


In. 
5 

6 

10^ 


In. 
6 


d . . . . 
F .... 


641 

12 


6 


64 

741 


A. » . . . , 


7& 


9ik 

94 


10 


12* 


124 


B , . . . 


7f 


64 


9i 


10 


124 


12| 


No. of Holes in Flange 


4 


4 


4 


4 


4 


4 


4 


4 


6 


Centres of Holes . . 


In. 

44 


In. \ In. 


lu. 
5| 


In. 

64 


In. 

7 


In. 

8 


In. 

84 


In. 
10 



PLAJIGSD CONNXCtlOHS. 




K 


-> 


T^- 




+ 
i 
i 


i fl 


,_._._ _f_.--| 




-4- 


-.._J 
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WXIOHI OF OABI IROS PIPES. ] 

DUgram ihowiag Wslglit of Cait Iron Fip«i of difibnnt 
BianiaUrB and IluekiiaiiH, 



OAS BNaiNEBBS POGKSI^BOOK, 



WaigAt o' 0»*t Iron Chu Fipa*. 



DkDHtar. 


Thidt. 
Haul. 




iDCbH. 


IndH 




qn. 


LbiL lnch«. 1 lncb«.| Cwta. Q«. U» 


i| 


1 

I' 




U 








3 
16 






















n 


4 




I 










a" 


e 




2 




IB 
























K 




•i 




•u 






.^ 


» 




4 


11 


JO 












4 


?, 










la 


a 


h 


2 


ao 







FiapHTtiou of Fip« FUngM. (Unwin.) 

Thinkneea of Bftnge = j thickDesa of pipe (= f) 
If joint ie made with lead ring, tbiclinesB = \i 
WidUi of Sai^e outside pipe = twice diameter of bolt 4 



Diameterof lMltB=D'016diBin.Df pipe 



Smnber of bolU - 2 + <"mt.,a fSp, 



'preasate in pipe 



Diameter of tolt hi 



= diameter ol bolt + J 



BuS*! prooMi protecla iron bj forming on ita surfkoe ft coftting <d 
magnetic or black oxide of iron, bj sabjecting the iron for aome time 
to the action of euperheated eteam at a high tempeTatnre. 

Dt, Angni Bmith'i procaaa consiata of heating the iron to 310° F. 
and plunging it in a bath of pitch maintained at a t^mperatare of tit 
least 21<r. A little oil maj be added to the pitch. Tar with a 
little tallow and leain forms a good coating to be applied cold. 

Tha reqniiitai of a good paint for the preiarTation of Iron and itool 
are stated b? Mr. Woodruff Jones to be these : (1) It should firmly 
adhere to the surface and not chip or peel off ; (2) It must not 
corrode the iron, otherwise the lemed; may only t^gravate the 
disease ; (3) It must form a surface bntd enough to resist frictional 
inffuencea, ;et elastic enough to conform to the expansion and cod- 
tiaction of the metal by heat and cold ; (4) It must be impeivioaa to, 
and ima&ected by, moistuie and atmoapheiic and other influences to 
which it may be exposed. . 



f.mn PIPBS. 



A CMting for Cut Iioa FipM. 



A bath made up of gas tar, Burgimd; pitch, oil and reBin, in kept at 
400° F., and the pipes are laid in tbis until tbej are of the same 
heat as the bath, when the; are aet up on end to drain oB. 





Weight of Lead Flp« p«T Toot Esn. 




Dta..et«r. 


Light, 


Middling. 


Btroug. 


Dlunotar 


Light. 


UiddlJiig. 


Strong 




Lba. 


LtM. 


Lbs. 




Lbs 


Urn. 




Jin. pipe 


,' 




1* 
2 


21 in. pipe 




a 


I'i 


1 .. >. 


1| 


^ 


s 


» t. - 




12 






a 




i 


3! „ „ 


111 


13 




H ., >. 




f-i 






16 


17 


It ., >, 








*i .. .. 


11 


17 


22 




5 




8 




15 


22 


25 




5 




s 


6! ., „ 




22 




n„ „ 


— 


H 


11 




— 


2S 





A Table Bhowiug the Weight of Lead 


Pipe* par Length in Lbi. 


Bo«. 


Ungth. 


CODHDOE. 


UbldliDg. 


BtroDg. 








Lb.. 


Lba. 


i 


15 


16 












27 


30 


1 


16 


30 


40 


13 




12 


S6 


41 


6S 


li 


12 


18 








10 


66 


70 




3J 


10 


70 


S9 


100 



Weight of Gompoiite Pipe per Yard. 



J inch inside diameter 



tJaual Length 
of Coil. 
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Weight of Block Tin Tubes per Yard. 

Lbs. Ozs. 



I inch inside diameter . 8 

n »» »» ») .0 9^ 

i M M „ .0 11 

i„ . 14 

>» l» w .11 



I inch inside diameter 
s . 

4 >J " Ji 

Z 

8 ?» •» » 

1 



5» 



)l 



» 



Lbs. Ozs. 
. 1 7 
. 1 14 
. 2 6 
. 2 15 



2 inches diameter 
31 



11 
»l 



n 
It 



Weight of Copper Pipes. 

Per foot. 

4 inches diameter 
4» 



l|lbs. 

If 
2J 



2i 






o 









Per foot 
3 lbs. 

4i„ 



Soldering Tin. 

Flux may be resin and sweet oil, spirits of salts (hydrochloric 
acid), killed with zinc cuttings, or Baker's mixture. 

Solder.— Two parts tin, 1 lead, melts at 340° F. 

Blow Pipe Solder. — 1^ parts tin, 1 lead. 

Flux. — Dissolve zinc in hydrochloric acid until effervescence 
ceases ; filter the liquid, add I spirits of sal-ammoniac, and dilute 
with rain water. 

Flux.— One part lactic acid, 1 part glycerine, 8 parts water. 
These two fluxes will not rust iron or steeL 





Weight of Black Sheet Iron and Boiled Brass. 


Wire 


Per Sheet, 


Per Sheet, 


Per Sheet, 


Rr 


Steet Brass, 


Gauge. 


72 X 24 in. 


72 X 30 in. 


72 X 36 in. 


sq. foot. 


per sq. foot. 


Nos. 


QrR. Lbs. 


Qrs. Lbs. 


Qrs. Lbs. 


Lbs. 


Lbs. 


10 


2 14 


3 4 


3 21 


5* 


5i 


11 


2 4 


2 19 


3 6 


6 


H 


12 


1 26 


2 12 


2 25 


H 


H 


13 


1 20 


2 4 


2 16 


4 


H 


14 


1 13 


1 23 


2 5 


3f 


3i 


15 


1 8 


1 17 


1 26 


3 


3i 


16 


1 2 


1 10 


1 17 


2i 


2i 


17 


27 


1 6 


1 13 


H 


^ 


18 


24 


1 2 


1 8 


2 


^ 


19 


21 


26 


1 3 


li 


If 


20 


18 


23 


27 


n 


If 


21 


16 


21 


25 


ll 


If 


22 


15 


19 


23 


u 


u 


23 


14 


17 


20 


H 


1 


24 


12 


15 


18 


1 


15 oz. 


25 


11 


13 


16 


14 oz. 


14 oz. 


26 


10 


12 


14 


13 oz. 


12 oz. 



SCREW THRBADS. 

WIiitwartlL't Beiew Threadf . 



tMu. 


Diir. at 


Ar«l&t 


No or 


Width of 


M. 


Diar. 




bottom 


botCom 


rhivids 




ofBolt 


SctV 




ofThreurt 




ristd. 


HeK<l. 


HBBd. 


Incbea. 


InchM. 


Inches. 




InchH. 


InchM. 


IncbM. 


rrchM 


i 


■0929 


■006 


40 


■338 


&+itr 


■&->■£ 




1 


■1341 


■0141 


24 


■448 


*!-)■*» 


l-l-A 




■1860 


■0271 


20 


■526 


J-t-A" 


n^ 




A 


■2*13 


■0457 




■6014 


S-i-AF 




f 


■2949 






■7094 




A-^A 




h 


■346 


■0940 




■8204 


l + AB 


jf 




-3932 


■1214 




■9191 


■% 






■4567 


■1626 




1011 




i:j 






■5085 


■2027 




l^lOl 


lA* 




1 


■671 


■2565 




1-2011 


ift+A» 


fi->-A 




■6219 


•8037 




1-3012 


li-'-^i' 


t+k 




13 


■fi844 


■3687 




139 




?:^ 




I 


■7327 


■402B 




r4788 


llt^B 




)i 


■7952 


■4966 




b5745 


IS-HA B 


ai- 






■8399 


■5540 




l^fiTOl 




.. *. 




'S 


■942 


■6959 




1^8W5 


'i^l' 






li 


1^067 


■8941 




20483 




2i 


1! 


llfilB 


1^0592 




2^2146 


**+*! 




?* 
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Wrsught Iron Bolti (VUtwortk Tlir««d). 



BCRBW THRBADB. 127 

Whitwortli'i Standard Sorew Tlmtdi. 



I OutakI* I Ditoieter iNeMestl u„^i„r lOatatde 
I iDchH. I ThnwL |DrllliDg| P" '™"- 1 Inche.. 



i 


■093 


^ 




■112 






■134 




\ 


■165 
■186 


A 


\ 


■21 




^ 


■3! 





di™bi« 


Neu«9t 


N«n,b« 






irThradi 


Thiwd. 


DriUlDg 




■166 


12 


■508 




11 






11 


■622 




10 


■H84 


H 


10 



a w. 

OMige. 


WMlh 
InchM. 


^? 


^Ron. 


B. W. 


Width 
Inchw. 


■??• 


Foot Run. 






Uk 


Lb* 






Lb.- 


Lba. 


12 




■91 


91-78 




It 


-27 


26^52 


13 


2t 


■71 


71-33 


17 


M 


■21 


2084 


13 




■63 


63-31 


18 


1 


■16 


1616 


14 




■48 


47-15 


19 


■S 


■12 


13-37 


16 


H 


■36 


36-37 


20 


■087 


e-84 


IB 


li 


■33 


33-34 











Xnit Joist OsBBiit for Cut Iron Tamkt aad OUtanu. 

Cast iron borings . . 5 lbs. 1 

Powdered Bitl -ammoniac . 1 oe. I mix with water 

Flour of Bolphur . 2 ji:a. ) 



Another and perhaps better cement is — 
Cast iron borings . . . 6 lbs. ) 

PowffpTfvl nal-utlmnninn 1 fix. V Tn 
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Working Safe Streues in Ibi. per Square Incli. 





Tension. 


Compression. 


Shearing. 


Cast iron 


3,600 


10,400 


2,700 


Wrought iron bars . . 


10,400 


10,400 


7,800 


„ „ plates . 


10,000 


10,000 


7,800 


Soft steel, nntempered . 


17,700 


17,700 


13,000 


Cast „ „ 


52.000 


52,000 


38,500 


Copper 


3,600 


3,120 


2,300 


Brass . . . . 


3,600 


— 


2,700 


Oun metal . 


3,120 


— 


2,400 


Phosphor bronze . 


9,870 


^^^^ 


7,380 



Comparative Weights. 





Cast 
Iron. 


Bar 
Iron. 


Steel. 


Brass. 


Copper. 


Oan 
MetaL 


Lead. 


YeUow 
Pine. 


Cast iron — 
Bar iron = 
Steel = 
BraRS = 
Copper = 
Gun metal — 
Lead = 
Yellow pi ne= 


1 

1.048 

1076 

1153 

1-218 

1-208 

i-:>64 


-963 
1 

1-026 
11 
1-151 
1-150 
1-5 


-925 
-973 
1 

1-07 
1123 
1121 
1-453 


•867 
•909 
-933 
1 

1-05 
1-046 
1-357 


•83 
•866 
•89 
•95 

1 
•99 

1-29 


•8288 
•8687 
•8917 
•9558 

1-0004 

1 

1-292 


•64 
•67 
•688 
•737 

•774 
•773 

1 


160 
16-8 
170 
18-8 
19-3 
19-0 
24-0 
1 



Weight of a Foot Superficial of Farts of an Inch in ThickneM. 





^ 


i 


i 


1 


h 


« 


i 


1 ! Inch. 1 


SUjel . . 


2-05 


5-1 


10-2 


15-3 


20^4 


25-5 


30^6 


35-7 


40-8 


W. iron . 


2-50 


5-00 


10-00- 


15-00 


20-00 


25-00 


30^00 


35-00:40-001 


C. iron . 


2-35 


4-69 


9-37 


14-06 


18-75 


23-44 


2812 


32-81 


37-50 


Brass . . 


2-84 


5-68 


11-35 


17-03 


22-70 


28-38 


34^05 


39-72 


45-40 


Copper . 


2-89 


5-78 


11-56 


17-34 


23-12 


28-90 


34-68 


40-46 


4G-24 


Lead, cast 


3-70 


7-39 


14-78 


22-17 


29-56 


36-95 


44-34 


51-73 


5912 



WEIGHT OP DlFPBRBtTT UBTAI£. 



4 Wntln 
C!(tBt lion 



I 



E 



TblckneiaafMetsl In puts otuiiDOh. 
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Handy rule for weight of Wrought Iron Plate :— 

1 superficial foot of i inch plate weighs about 10 lbs. 

Bound Bodi. 

To find breaking weight of, square of diameter in J inches = B. W. 
diameter' m j inches ^ ^^.^j^^ .^ ^y^ ^^ ^^^ 

Resistance to shearing of wrought iron bars, ultimate = 18 to 
20 tons per square inch. 

Weight of Half-round Iron and Steel Bart. 



Breadth in 
Inches. 


Thickness in 
Inches. 


Sectional Area, 
Square Inches. 


Weight per Lineal Foot. | 


Iron. 


SteeL 


u 
ii 

2 
2J 


ft 
1 

i 
i 
1 

\ 
1 


0-249 
0-273 
0-364 
0-395 
0-451 
0-514 
0-859 
1097 


0-83 
0-91 
1-21 
1-32 
1-50 
1-71 
2-86 
3-66 


0-85 
0-93 
1-24 
1-34 
1-53 
1-76 
2-92 
3-73 





Weight of Sheet Brass in lbs. per 1 


Square Foot. 




Thickness. 




Thickness. 




Thickness. 






Weight 
in 




Weight 
in 




W^eight 


Birm. 




Birm. 




Birm. 




iiT 


Wire 


Inches. 


lbs. 


Wire 


Inches. 


lbs. 


Wire 


Inches. 


lbs. 


Gauge. 






Gauge. 






Gauge. 


0-042 




No. 3 


0-259 


10-9 


No. 11 


0-120 


505 


No. 19 


1-77 


» 4 


0-238 


10-0 


„ 12 


0109 


4-59 


„ 20 


0-035 


1-47 


» 5 


0-220 


9-26 


„ 13 


0-095 


4-00 


., 21 


0-032 


1-36 


» « 


0-203 


8-55 


,. 14 


0083 


3-49 


r 22 


0-028 


1-18 


M 7 


0-180 


7-58 


„ 15 


0-072 


303 


„ 23 


0-025 


1-05 


» 8 


0-165 


6-96 


„ 16 


0065 


2-74 


» 24 


0-022 


0-926 


V 9 


0-148 


6-23 


», 17 


0-058 


2-44 


„ 26 


0-020 


0-842 


»io 


0-134 


5-64 


„ 18 


0-049 


2-06 


„26 


0-018 


0-768 



Comparative Strengths of Steel, Wrought Iron, and Cast Iron. 

Relative areas required to withstand a given strain. 

Tension. Torsion. Oompression. 

Steel .... 2-23 333 1-43 

Wrought iron . . . 4-44 5-00 6-23 

Cast iron . . 945 36-00 2-45 

Tlie cohesive power of iron and cement equals 40 to 47 kilometres per 
square centimetre. 

Iron embedded in cement docs not nist. 



WBIGHT OF BOUND AND SQUABB BODS. 

etrnigth of ]>oiLble-Kead«d BaUa (Stwl). 
Bieaking weight at centre = 30 (4a -t- + 1-167 ( d") 



a = area of one flfuiKe in inches. 

d = depth over all of rail in inches. 

d' = vertical distance apart of centres of flanges. 

t = thickness of web. 

L = length of spaa in inches, 

Welgbt Df Bonad and Square bon and Steal. 
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Rd. 
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IDB. 


Lb>. 


Lta. 


Lbs. 


Lbs. 


A 
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0-164 


0-208 


0167 
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0-256 


0-326 


0-261 


0-332 ' 


0-368 


0-469 


0-3T6 


0-478 
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0-601 


0-638 


0-511 


0-651 


0-664 


0-833 


0-668 


0849 




0-828 


1-060 


0-845 


1-076 




1-023 


1-302 


1-043 


1-328 




1-337 


1-576 


1-262 


I'BOT 




1-473 


1'876 


1-502 


1-912 




1-728 


2-201 


1-763 


2-245 




2-004 


2-652 


2044 


2-603 


n 


2-301 


2-930 


2-347 






2-618 


3-333 


2-670 


3-400 
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3-313 


4-219 


3-380 


4-303 


4-091 


6-208 


4-172 


5-313 




4-950 


6-302 


6-049 


6-438 




5-890 


7-500 


6008 


7-750 




6-913 


8-802 


7-051 


8-978 




8-OIg 


10-208 


8-178 


10-412 




9-204 


11-719 


0-388 


11-9S3 
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13-333 


10-681 


13-600 
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fl 
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»3 


^a 
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Ins. 


Lba. 


L... 


Lbe. 


Lbs. 


3 


11-82 


1B05 


1206 


15-36 


13-25 


16-87 


13-53 


17-21 


2 


14-77 


18-80 


1506 


19-18 


2 


16-36 


2083 


16-69 


31-26 


2 


1804 


22-97 


18-40 


23-43 


2 


19-80 


26-21 


2019 


25-71 


2 


21-64 


27-55 


22-07 


28-10 


3 


23-56 


30-00 


2403 


36-60 


Si 


27-65 


36-21 


28-21 


35-91 


Si 


82-07 


40-83 


32-71 


41-65 


8J 


36-82 


46-87 


37-65 


47--81 


4 


41-89 


08-33 


42-73 


54-40 


*i 


47-29 


60-21 


48-23 


61-41 


*i 


63-01 


67-50 


64-07 


68-86 


a 


69-07 


75-21 


60-25 


76-71 




65-46 


83-83 


66-76 


85-00 


Ei 


72-18 


«-87 


73-60 


93-71 


H 


79-19 


100-83 


GO-78 


102-85 


Bi 


86-68 


110-21 


88-29 


112-41 


6 


94-26 


120«0 


96-13 


123-40 


6i 


102-27 


130-21 


104-31 


132-81 


el 


110-61 


140-83 


112-83 


U3-6S 
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HOTSB OK WBOUOHT ISOH OISDEBS. 

Depth.— The depth of girders in ordinary cases should be from 
j|j to ^ of span, if intended to serve as a parapet may be increased 
to i, in flooring j^. 

Weight. — The weight in tons may be found approximately by 
multiplying the load to be carried by the total length of girder and 
dividing by 400. 

Strain. — The safe strain when not given may be assumed at 5 tons 
in tension or 4 tons in compression per square inch. 

Bearing Snrfiace. — The bearing surface in square feet may be found 
by dividing the weight on abutment by one of the following constants 
according to the material of abutment, viz. :— Granite 25, limestone 25, 
sandstone 15, firebrick 10, strong red brick 7, weak red brick 3J. 

Camber. — Half an inch rise per 10 feet length of girder. 

Area of Flanges. — Section of top or bottom flange to girder at 
intermediate points from centre. 

1. Distributed load. 

W X 2 
_ — - — -= Section area of top or bottom flange in centre in 

D X 4 X 6 square inches. 

2, d ^ distance of point from nearest support. 

W X ^ 

= Sectional area of flange at any other point in square 



D X 4 X 5 inches. 

Z, X = Sectional area at any point. 



X X D^ 4 X 5 _ 



W 



= distance of such section from nearest support. 



Example. — A girder 20 feet long carries a distributed load of 40 tons, 
and i&.2 feet deep. 

By (1) ^^ ^ ^^ = 10 inches sectional area. 

By (2) Sectional area required 3 feet from end. 
40 X 3 



2x4x5 



= 3 inches sectional area.. 



By (3) Suppose flange to be made of 3 plates, each 3*3 inches 
area, centre section will be 10 inches ; section outside first plate will 
be 6*6 inches ; section outside second plate will be 3*3 inches. 

10 X 2 X 4 x 5 ^ j^ ^^^ distance of section of 10 inches from 

^^ support. 

6-6x2x4x6 _g ^^^ g ^^^^ distance of section of 2 plates 

*0 - froin^nd = (20 feet - 13 feet 2 ^inches) =■ 

length of plate 6 feet 6 inches. 
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3'8 X 2 X 4 X 5 « 3 f e^t 3 i^^hes distance of section of 1 plate 
*^ from end = (20 feet - 6 feet 6 inches) = 

13 feet 2 inches length of second plate. 



H ■» - 20[0' 

>-'-g;g'. -i[ 



fc... 7j;|; ---^ -"1 



I 

i 



I I 



f — V; V 

^S%ction3-y Section 6-6 Section lO' 

In rolled joists }th of the area of web may be included in each of the 
areas of the top and bottom flanges when calculating the strength of 
the joist. 

To find the net area of a joist in inches — 

A ^ ^ ^ _ ^ f J- 5 = inches area if wrought iron. 
% d I "^ • ^ » » J? steel. 

k \f- (I X C 
To find W = distributed load— ? 



L X W 
„ „ <i = depth of girder in feet — ^ • 

L X W 
,1 „ a = net section in inches — q -^ 



Ax^x 
„ „ L = span— — yi^ 



L X W 
„ n S = tons strain per square inch — a ^ A x ^ 



In the above C - 4 *^ ^®' wrought iioa 
m tne aoove, ^ - j 52 for steel. 
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STBBNaTH OP HOLLED J 



SUgnm to find tlta Fropar Site of Boiled Iron Joiit. 

For an; given Distribnted Load. (Factor of Safetj, )td) — eonti 



■omenti of Inertia and Xeitituiee of S 
Sdid Bectuigle. 






BD' _ ad^ 

13 12 

CBD* Cad 



'-~s 



i.I 

Hollow Kectangle. 



Solid Circle. 



R = C-lSbir' ■ 
Hollow Circle. 



^^\ 
^^^ 



I = -7854 (r* - p'*) 



Solid Elliptical Section. 



MOMENTS OP INERTIA. 
Hollow Elliptical Section. 

T = -7854(308 - B'D'-/ 

^ ^ -7854 C (BD3 - B D'^) ^ ^ 
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One Flange. 




I = J {BD8 4-B'D'8 - (B'- B)D"8} 



R = 



5I = M 
t 



B ' -HJ 




R = 



BD» - WW^ 

l2 

_ C (BDs - B'D'3=M 



6D 




A 



v^ 4 




wmwMwm^ 



jt — B' — -J 



{JBD3 
+ BD'» 



(B - K) (D - C)» 
(B' - K) (D' - C')3 } 



Wooden Joiits (square or rectangular) — 

— L — ^ 0'28 if oak I = breaking weight in tons on centre. 

Oast iron beams— 2^ x area of bottom flange in inches ^ ,„ 

■ ■ ■ ■ ■ = D. vv. 



Area of top flange should equal one-third that of bottom flang& 



Wtonfht inn bMini with top and bottom flange— 
M X area of bottom flange in inches + ith area of web „ ,_ 
L ■ — = ^- "■ 

B and d in inchee, L in feet. Rivet holea deducted whrat calca- 
Uting area of web and flange. 

Box girders are about S per cent, stronger than single plat« girders. 

BcUtiTe Strength of Bsuu or Sirdars. 

StreDgth. 

Supported at one eod and loaded at the other — 1 
„ „ „ „ load distributed = 2 

„ „ both ends „ „ at centre — 4 

„ ,. „ „ „ distributed ^ 8 

Finnljflxed at both ends and „ „ = 16 

Knle for Diitribnttd Broaldi^c Weight on Steel Joiits. 

8 n D X strain on bottom flange 
L 
D = depth. 
L = leugtli. 
Strain = area of bottom flange + 1th area of web x 28 tons per 

Board of Trade Begnlatians for Brldgei. 

Greatest stress per square inch in ttnj part not to exceed H tons 
either in tendon or compression when made in wrongbt iron. 

When of cast iron the factors for dead load are taken and that 
portion of the load which is moTlng is doubled. 

When of steel the greatest stress per square inch not to exceed 
f>t tons. 

Peat* Bt ChaoNJea allow S81 tons per sqnare inch in wronght iron 



Ca«t lion fiirden. 
If aappoited at both ends and centre load W = — j— 



, ,, „ distributed load W = 

With distributed load, Ud = ifh.W = A *-17 



SOan 



CAST IRON GIRI^R». 
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With a test load = J W, safe deflection equals J^ inch per foot of span 
In the above W = breaking weight in tons. 

a = area of bottom flange in inches. 

d = depth of girder in inches over both flanges. 

L = span of girder in inches. 

If the depth of a wrought iron plate girder equals g- , then strain on 

top or bottom flange at centre in tons equals distributed load. 

L 

If the depth of a wrought iron plate girder equals — , then strain on 

top or bottom flange at centre in tons equals 1^ distributed load. 

If the depth of a wrought iron plate girder equals — , then strain on 
top or bottom flange at centre in tons equals 1^ distributed load. 

Continuous Girders. 

The distance of the point of contrary flexure from pier, when the 
load on each span is equal, is \ span. When the load is greater on 
one span than the other the distance equals 

(7 load on first span - load on the other \ 
-rr—;, T— X span I 
8 load on first span / 

The pressure on the abutments 

7 load on^first span - load on the other \ 

16 ) 

The pressure on centre pier equals | span (load on first span -f- load 
on the other). 



= span 



( 



ThickneM of Web Plates Beqoired to Beiist Diagonal Foroes. 

(Chas. Light.) 



Thickness 


Net Unsupported Distance in Inches, 

or Booms. 


whether between Pillars 1 


of Web. 














1 


24 


27 


SO 


88 


86 


89 


42 


45 


48 


51 


Inches. 






















\ 


1-5 


1-2 


1-0 


•8 


•7 


•6 


•6 


•46 


•4 


•36 


iV 


2*8 


2-2 


1-8 


1-5 


1-8 


1*2 


1-0 


•9 


•8 


•7 




4-8 


8-6 


8-0 


2-6 


2-2 


1-9 


1-7 


1-6 


1-8 


1-2 


6-3 


6-8 


4-5 


8-9 


8-4 


2-9 


2-6 


2-8 


2-0 


1-8 


JL 


8-7 


7-4 


6-3 


5-5 


4-8 


4-2 


8-7 


8-8 


8-0 


2-7 


^ 


11-2 


9-8 


8-5 


7-4 


6-5 


5-7 


6-1 


4-6 


4*2 


8-8 


f 


14-0 


12-8 


10-8 


9-5 


8-4 


7-5 


6-7 


60 


5-4 


4-9 


» 


17-0 


15 


18-4 


11-9 


10-6 


9-5 


8*5 


7-6 


6-8 


6*8 


• 


20-0 


17-9 


16-1 


14-5 


180 


11-7 


10-5 


9-5 


8-6 


7-8 



Tabular numbers show safe thrust in tons per foot width of plate. 
Tabular numbers under distance required must not be less thi^n 
the shearing force per foot of plate. 
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linlUofWelgliU, *«. 


or Wiooglit Iron tlut eu bo uod wiOoU 
InoTMH of Coot. 




L«li«tb. 


Width. 


^ 1 w*. 


Depth. 


PIat«8 . 
Bar Iron 
LkTbtm 

Channel or 
E.J. . . 


15 ft. 

S0to36ft 

36 ft. 

36 ft. 


4 ft. 
Okt bars, 6in 

breadth and 
depth added 


28 sq. ft. 4 cwt. 

— * .. 





TnuuTone Btnagth of FUtai. (Dedaced from Bankme.) 
Stbd* 



I, 

iatbd' 



Plate supported at 2 sides, distribuf«d load, strengtii = 

Sqwre „ 4 , „ = 

H „ 4 „ central „ „ = 

Circalar, supported all round, distributed load, strength 

_ S-1416 X »kbd» 

L 

Circalar, sapported all round, central load, Btrength 

9-42 X Mbd' 



1 immovable abutment, strength equals 1-5 



Breaking loadinlbs.perBquareinch of area of cross-section of pillar= 
Coefficient 



LEAST RADIUS OF GYRATION. 



Ul 



Least BadiuB of Gyration. (Adapted from " Trautwine.") 



Eqiml Angles. 



x* = 



X + = 



1 xl xi 

1 Xl X i 
lixljx* 
Uxlix i 
lixl^x^ 
Hxlixf 
Ifxlfx^ 



•20 
•20 
•26 
•26 
•31 
•31 
•36 



Ifx 
2 X 
2 X 
2ix 
2\x 
2ix 
2ix 



Ifxf: 

2 Xf: 
2ixi: 

2ixx; 

2ixi: 
2ixi: 



•35 
•40 
•38 
•45 
•44 
•60 
•49 



2ix2ixi = -56 
2|x2f xi = ^54 
3 x3 xi = -60 
3 x3 x| = -69 
3ix3ix| = -70 
3^x3^x1=69 



4x4x 1= -81 
4x4x 1= -80 
5x5x ^ = 1-00 
5x5x1 = -98 
6x6 X i'g=l*19 
6x6x1 =1-17 



Unequal Angles. 



3 x2 X J = -46 
3 x2 X i = -46 
3 x2ix^=^54 
3 x2ix i = ^54 
3ix2ix^=^56 
3ix2ix i=56 
3^x3 x^^=-64 
3|x3 X 1 = ^64 



4 x3 x | = *67 
4 x3 X | = -66 
4 x3ix f = -74 

4 x3ix f = -73 
4^x3 X f = -69 
4^x3 X I = -68 
5x3 X 1 = ^70 

5 x3 X f = -69 



6 x3ix |=-80 
5 x3ix i = ^79 
5 x4 X | = -87 

5 x4 xl =^86 
5ix3ix | = ^81 
6ix3ix i = 'SO 

6 x3ix ^ = -82 
6 x3ixl =^81 



6 x4 X fg= 

6 x4 xl = 
6^x4 X {^= 
6ix4 xl = 

7 x3ix 1 = 
7 x3ixl = 



•92 
•91 
•94 
•93 
•85 
■84 



Equal Tees. 



1 xl X i = -26 
Hxl^x i = ^27 
l^xlix i = -32 
If X Ifx 4 = ^37 

2 x2 x^ = -43 
2ix2ix i = -50 



2ix2Jx 4 = ^47 



la 



2^x2^x^=53 
2ix2ix^|=^55 

3 x3 X i = -62 
3ix3ix i = '74 

4 x4 X i = -84 



Unequal Tees. 



2 xl X i = -26 

2 xl^x i = ^43 
2ixl|x i = -33 

3 xljx i = -41 
3 x2ix i=63 

3 x3ix | = -61 

4 x2 X ^=-58 



4 x3 X 1= -86 

4 x3ix 1= ^88 
4ix3ix i= -91 

5 x2ix i= ^72 
5 x2ix^= -70 
5 X 3^x^=1-04 
5 x4 x^=1^0 



Roughly, weight of wrought iron bridge may be assumed— 

For 30 feet spans, single line, 5 cwt. per foot run 

60 „ „ „ 6 

100 „ „ „ 9 

150 „ „ „ 12 

200 „ „ „ 16 

Dense crowds average 120 lbs. per square foot. 
For flooring, li cwt. to 2 cwt. per square foot, exclusive of weight 
of flooring 






» 
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In storehouses, from 2 cwt. to 4 cwt. per square foot. 
Under no circumstances is a girder of less than j^th of the span 
advisable. 

Bolt Centres in Angle Irons. 







K-IA 



A. 

IJ 
If 
2 

H 
8 



B. 

i 

1 

li 
If 
If 



t 
f 

li 



A. 

H 

4 
5 



B. 

u 

2 

2i 
2f 
3 



C. 

If 

If 

2 



«,,-__ 4rf X area of web below centre of erravity 
BoUedTIron j- 2 L - 

breaking weight. 

A distributed load causes stresses only one-half as great as a centre 
load. 

A load at end of a projecting beam or cantilever causes stresses 
four times as great as a centre load. 

Sise of L Iron Laths for Slate Boofs. 



Distance Apart 
of Principals. 


Laths 12 Inches 
Apart. 


Laths 10^ Inches , Laths 6^ Inches 
Apart. Apart. 


6 I 
5 6 j 


1" X r X 8 w. g. 


irxirx9w.g. 


I ir X ir 


6 { 
6 6 f 


ir xirxGw. g. 


li" X l\' X 8w. g. 


J X 9w.g. 


7 


l^' X H' X i" If'x If'x 6w.g. 


li'xli'x 8w.g. 



Tie Bods should have end eyes of the following proportions. 

"X. 




Proportions of Plate, Flanges, and Bolts. (Unwin.) 

Bolt diameter ^ss d ss |ths thickness of plate -I- ith (but not less 
than f inch). 
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Pitch of bolts about 6df or less if necessary for strength. 
Width of chipping strip equals f thickness of plate. 
Width of flange equals 2d + f . 

Approzimate rule for depth of arehes : — 

C ^/'r = D C = coefficient = for stone '3, brick '4. rubble 'ib. 
r = radius of curve. 

Minimnin thioknets of abutments for arches of 120 degrees where 
the depth does not exceed 3 feet 



^ARIr-fi=• 



r equals radius ; h equals height of abutment to spring ; t equals 
thickness of abutment. 

The abutments are assumed to be without counterforts or wing 
walls. 



Strength of Flat Plates. (Grashof.) 

If supported on a circular support and uniformly loaded — 

Greatest stress = S radiu8_of_8upporta ^ ^^ ^^^^ ^^ 

thickness of plate ^ 

If encastre at the edge — 

-r. . radius* ,_ . . 

Greatest stress = I ■; — ; x W. per square inch. 

'thicknessa ^ ^ 



If supported only and with central load — 

(4 r \ P 

^ l<>g- 7" "*" M :i^i 



'•o 



= 10 20 30 40 50 



-^ log. '' - + 1 = 4-07 5-00 5-53 592 6*22 
3 Vq 

If a rectangular plate is encastr j at the edges and uniformly 
loaded — 

length* ^ breach h» ^WnprBn in inlhs 

Greate8t8tre88=ii^5^4^^^5jEiX--^^^,xWperBq.m.mlb8. 

If a square plate is similarly supported and loaded — 

, length of side * ,,, i i. • ii_ 

Greatest stress = i — thickness^ " ^ ^^ ^* ^^ 

Any arching or dishing of the plates incieases their strength 
GOnsiderably. 

. I 



Hi 
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Momeata of Inertia. 



Circular section (diameter = <f), 0*0491 d^ 

Annular section (diameters = d^, d^), 0-0491 (d. * -<?. 4^ 

Square section (length of side =. *), ii* 

Rectangular section (longer side by shorter A), A hk^ 

Croa-Bhaped section, if bending, is parallel to H, ^ (ftH*— BA»). 






Cupolas for Melting Iron.^Average Sises. 




Diameter 
ofSheU. 


Quantity of 

Metal Melted 

per hour. 


Height 
about 


Diameter 
of Shell. 


Quantity of 

Metal Melted 

per hour. 


Height 
about 


Ft. Ins. 

1 10 

2 
2 6 

2 9 

3 
3 6 


10 cwt. 
16 „ 

1 ton 

H „ 

2 „ 

3 „ 


Ft. Ins. 

12 10 

13 6 

15 

16 3 

17 6 
20 


Ft Ins. 

3 9 

4 
4 6 

4 9 

5 


3^ tons 

H 
6 


Ft, Ins. 
20 9 
22 

25 

26 
28 



Water will ooze through cast iron i inch thick at .250 lbs. per 
square inch. 

Water is only compressible niW*^ part by a pressure of 324 lbs. 
per square inch, or 22 atmospheres, and regains its bulk on remoTal 
of the pressure. 

Breaking strains on 4 in. C. I. gas pipe at 3 ft. bearing ==: 8 tons* 
on 3 in. pipe, 8 tons 13 cwt. ; on 2 in, pipe, 1 ton 5 cwts. (Kxperj- 
ments Croydon Gas Co.) 



STACKING COALS. 
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VVLOADINO MATEBIAL AND STOBAGE 

21 bushels coke =^ 1 cubic yard. 
72 ,, „ = 1 ton. 



I) 



M 



To measure a heap of coals, from 40 to 43 cubic feet should be 
taken for each ton. 
Cannel coal, 45 cubic feet per ton. 

Mr. Wyatt says ^i acres are required per 1,000,000 cubic feet per day. 
Coal store should equal 6 weeks' supply. 
Coal storage, Newbigging's rule, 6 to 8 weeks' maximum make. 



Space Occupied par Ton of Different Goals. 



Welsh anthracite 
., bituminous 
Lancashire 
Newcastle 
Scotch 
Navy allowance for storage = 48 

Coke in bays measures per chaldron 52 to 52| cubic feet per 
chaldron. 

Coke diminishes in weight by exposure to the weather. (See also 
p. 232.) 









Weight per 








Cubic Foot. 


:= 39 cubic feet 


58-25 lbs. 


= 43 


>1 


>» 


53 


= 44 


•^ 


»» 


53 „ 


= 45 


?t 


» 


50 „ 


= 43 


• J 


}> 


53 „ 


= 48 


«• 


)> 





Average Weight of Varioas Coals. 





Per Cub. Ft. 
Solid. 


Per Cub. Ft 
Heaped. 


Cub. Ft. per 
Ton. Heaped. 


Per Cub. Yd. 
SoUd. 


Anthracite 

Bituminous 

Cannel 

Coal as stored 


85-4 lbs. 
78-3 .. 
76-8 „ 


58-3 lbs. 
49-8 „ 
48-3 „ 


38-4 c. ft. 
45-3 „ 
46-4 „ 


2,160 lbs. 
2,100 „ 
2,190 „ 
1,150 „ 



Coal Stores. 

Coal stores in the open should be paved with a slope to carry off 
rain water. 

Ventilation of coal stacks may be effected by constructing open 
piers of brickwork or wood, or inserting perforated pipes, round 
which the coal is laid ; or wicker tubes. 

G.E. L 
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In designing walls for coal stores the object to be attained is to 
keep the centre of gravity of the mass of the wall as much towaixls 
the inner side as possible, as the strength of a wall to resist side 
pressares varies as the distance from the centre of gravity to the 
ontside edge of the wall at the base, and as the weight on the 
foundations. On this accoant walls with panels sank in are usuallj 
adopted. 

There can be little or no assistance from cross walls inside coal 
stores, or from the end walls, more especially when the walls are 
thick, a necessity where much coal has to be stored. The comers of 
such buildings frequently develop cracks from top to bottom of the 
walls nearly vertical, which would entirely remove any advantage 
which the side waUs might have otherwise given. Probably the 
cause of these cracks is the expansion taking place in long walls 
exposed to the sun while the end walls are cool and shaded. 

Iron ties are not reliable when imbedded in the coals, as when the 
latter heat the ties extend, and the tension on the walls is relaxed ; 
and this may cause the wall to overturn through the upsetting of the 
centre of gravity of the wall. 

Mr. F. Marshall has designed a coal store with the floor a series of 
inverted pyramids, the sides of which are built of " Monier " concrete 
arches, the bottom points of the pyramids being so aiTanged that the 
coal may pass out in a regulated quantity on to a conveyer, and by 
this carri^ to the retort house. 



Stabling. 

Floor space required in stables per horse . , 120 square feei. 

Width of stalls for horses 6 feet. 

Width of building from wall to wall for stables 18 

Height of stables 12 

A horse requires about 30 to 40 lbs. food per day. 

Capacity of oat bins required per ton . . . 75 cubic feet. 

Capacity of hay lofts required per ton . . 500 






» »» 



Boads. 

A layer of hydraulic concrete at least 8 inches thick, or a foundation 
of 12 inches of gravel, well rammed in, with 1 inch of sand on top, 
should be laid under paved roads. 

Asphalt for roadways and for traffic should be 2 inches thick ; 
pavement of yards, covering of roofs, J inch to 1 inch thick ; damp 
courses, ^ inch to f inch. 

The road surfacing asphalt is crushed, heated to 275° or 300° F., 
spread uniformly where wanted, and stamped, rolled, and smoothed 
with heated irons. 

Coke breeze for tar paving footpaths best made by using water 
with the tar to ensure the distribution through the whole of the 

'^ze. Twenty-four gallons tar to the yard of breeze is sufficient. 



RESISTANCE OF COMMON ROADS. 
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Grooves in Hobson's floor plates are best filled in with 112 lbs. pitch, 
86 lbs. safid, and 5f> lbs. cement, with a little creosote oil on second 
boiling to make it pliable ; remainder filled in with tar concrete and 
rendered with 4 parts coarse sand to 1 part cement. 



Beiistanoe to Traction on Common Soads. (F. Y. Greene.) 



Iron . . 

Asphalt • • 

Wood . 

Best stone blocks 

Inferior stone blocks 

Average cobble stone 

Macadam 

Earth 



10 lbs. 


per 


ton. 


15 




>i 




21 




11 




33 




)i 




50 




>' 




90 




y 




100 




t 




200 




»i 





Beiiitance of Snrfiace of Different Hoads. 



Stone tramway, exclusive of gravity . 
Paved roads „ „ . . , 
Macadamised roads „ ,, . 44 to 67 
Gravel „ „ . . . 150 
Soft sandy or gravelly ground, exclusive of 
gravity 210 



20 lbs. per ton. 
33 






JJ 



»» 



>» 



»' 



The limiting gradients in ordinary roads are — Asphalt 1 in 60 ; 
wood, 1 in 25 ; macadam, 1 in 20 ; and granite, 1 in 15 ; but there 
are instances of macadam roads as steep as 1 in 6. 

The average resistance to traction upon road tramways is about 
30 lbs. per ton with a minimum of 15 lbs. and maximum of 60 lbs. 
per ton. 

Sir G. Molesworth stated (1895) that the greatest economical 
gradient for ordinary locomotives was 1 in 40. 

To set out a curve make a template to sketch. 




Where A Cssrthe chord 
B D = versed sine. 

A pencil held at B when the template is moved ronnd and kept 
close to nails at A and C will mark the cnrve required. 

L2 
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TTnloading Katerials. 

A coal store should be well roofed in, nnd have an iron floor bedded 
in cement, all sapports passing through and in contact ^th the ooal 
shouUl be of iron or brick ; if hollow iron supports are used thej 
should be made solid with cement. Under no conditions must a steam 
or exhaust pipe or flue be allowed in or near any wall of the store, 
nor must the store be within 20 feet of any boiler furnace or bench of 
retorts. (Prot V. B. Lewes at Soc. Arts, 1892.) 



Tractiye Power of Locomotives. 

D ^ diameter of cylinder in inches. 

L = length of stroke in inches. 

T = tractive force on rails in lbs. 

P = mean pressure of steam in cylinders in lbs. per square inch. 

W = diameter of driving wheel in inches. 



In Permanent Way Work. 

Eight yards run of metals require — 

2 lengths rail cost (1894) £4 7#. 9<i. per ton. 

8 sleepers » n 2«. 4d. each. 

2 pairs fishplates . . . . „ „ lOd. pair. 

8 bolts at 1 lb. (6 = 5 lbs. 11 ozs.) . „ „ 11«. per cwt. 

32 bolts (6 = 3 lbs. 10 ozs.) . . „ ,, 8*. lOd. p«r cwt 

Labour costs, say, 1*. per yard run. 

Average weight of cast steel crossings (Vicker's patent), say 5 cwt. ; 
price, 1894, 32*. per cwt. 
Average cost of switchrails and stockrails, 1894, £5. 

XaterialB Beqnired per Hile of First Class Bailway. 

Steel rails, bull headed, at 85 lbs. per yard 133i tons. 

Chairs, 3,872, at 50 lbs. . . . . 864 „ 

Fishplates, steel clip, 352 pairs, at 40 lbs. . 6 J „ 

Bolts and nuts, 1,408, at IJ lbs.. . . 1 ton. 

Spikes, 7,744, at 1^ lbs 4^ tons. 

Toenails, solid oak, 7,744 
Keys, oak . 3,872 
Sleepers, creosoted, 1,936 

In relaying, the old materials may be credited at 55 per c^nt. of the 
*iost of the new work 
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Uiual Type of Bail used on ExigliBh railways. — The bull head of steel 
of 90 lbs. per yard of an average length of 30 feet. Bessemer steel is 
most used. BaUs are drilled at ends, and the bolts are of steel. Test 
for rails is one to three blows of a 1-ton weight falling from various 
heights ; the rail, placed on bearings 3 feet 6 inches apart, must not show 
any signs of fracture or exceed a given permanent set ; sometimes a 
further test is made by hanging a dead weight of 40 tons in centre of 
3 feet bearings, giving a maximum deflection of |-inch and no per- 
manent set after one hour's suspension. 



Resistance of Curves. (Morrison.) 

W = weight of vehicle. 

R = radius of curve. 

F = coefficient of friction of wheels on rails = •! to '27 

according to weather. 
D = distance of rails apart from tread to tread. 
L = length of rigid wheel base. 

« . . . WF(D4-L) 
Resistance due to curve = „« 



Elevation of Onter Bail on Gnryes. 

Width of gauge in feet x velocity in miles per hour* / elevation in 



^1 



1*25 radius of curve in feet \ inches. 

Axle Tests are that they should be placed on solid bearings 3 feet 
6 inches apart, and subjected to five blows of a 2,000 lbs. weight 
falling 20 feet, the axle being reversed after each. For wagons the 
ultimate tensile resistance should be 35 to 40 tons and 25 per cent, 
elongation in three inches. 



Besistance of Trains. 

W = weight of carriage without wheels and axles. 

w =z M >f wheels and axles. 

D = diameter of wheels on tread. 

d z=z „ „ journal. 

F = coefficient of axle frictions: say *035 with grease, '018 with 

oil. 
/ = 1, „ rolling friction = about '001. 

R = resistance of vehicle =/ (W + to) + (wF ~^ 



^ 
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CnMib HoolDit dedvMd from SxperimeBti at London and Vortk 
Wettam Bailway Oompuiy'i Works. 

/ Diameter of link of chain in |th8 of an inch \ - yf^j.^ loaH' ii\ 

tf= diameter of chain. 

v^i 1*15 times diameter due to twice area of up to 10 tons. 
I 1*2 _ „ » n »i " » ,.„ above 10 tons. 

A=:8x^/« + C,B = JA + •9C, E=1|A, D = A X '8. 
S =Ax h T = Axf, B = A, M = C, F = C. 

x=ic, v=ic, Y=ix, p=Axi, u=4a 




HYDBAULIO GBANES. 



SETOBT HOUSE. 



Best site for a Gas Works is the lowest point to be served, and, a 
same time, close to the point of delivery of the raw material, 
as a railway, canal, or river. 

Average consumption per head 2,000 cubic feet per annum in '. 
towns ; 1,600 cubic feet per annum in medium sized towns ; ! 
cubic feet per annum in small towns. 

Area of ground required for 7,000,000 cubic feet per day, 17 \ 
inclusive. (A. Colson.) 

Hydranlic Power pressure usually adopted 700 lbs. per square : 
Old Beckton Hydraalie Cranes, nine in number, lift a total wt 
of 20 cwt. each — designed to discharge 40 tons an hour with a li 
60 feet. Two horizontal high pressure pumping engines equals 75 h 
power each, with 17 inches diameter and 17 feet stroke accumu 
^-each engine would work the nine cranes ; but with a lift of 90 
as afterwards arranged, both engines are required. Cranes 
multiplied 10 to 1, lifting chain travelling at 60 feet in 10 sec< 
and the ram 6 feet in same time. Even with 90 feet lifts the ci 
can easily lift 40 tons per hour, and have done considerably over 
quantity. On the same pier are six steam cranes of the best 
requiring two 30 horse-power boilers to keep them going, whe 
with hydraulic power, two 20 horse-power boilers work one pa 
pumping engines sufficient to actuate six cranes. 

The practical efficiency of the distribution of hydraulic powi 
towns may be taken as 50 per cent, to 60 per cent, of the p 
developed at the works. 

Loss of head due to velocity in hydraulic pipes 

(Gallons per minute)^ X length of pipe in yards 
3 X diameter of pipe in inches 

Friction of the ram of an accumulator may be taken as 2} per 
Friction in steam engine pumping into accumulator may be t 
as 8*3 per cent. 



Thickness of Hydraulic Cylinders. 

Where d ^ external diameter of the cylinder in inches, 
internal diameter of the same, also in inches. 

Loss of power by multiplying gear upon hydraulic rams variei 
7 per cent, when direct acting, to 50 percent, when multiplying 1 

Velocity of water in feet per second = 8 V height of fall ii 
where there is no deduction from the force for friction or 
resistance. 
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BaTiiig by use of Conveyor and Priestauui 0rab. 

At a works using about 49,000 tons per anmim — 

Old style — In barge 4 men 6^. ] 

On run 2 „ 6*. J. per day. 

On crane 1 man 6s. I 



7 men 
plus wear and tear of trucks and run equals about 4<f. per ton. 

New style— In barge I man is, hd. ] 

Conveyor engine 1 „ 3*. 9d. \ per day. 



Crane 1 „ 



3 men 






plus wear and tear of elevator, conveyor engine, fuel, and interest an 
£1,200 (cost of elevator, conveyor, and engine), about I'SOrf. per too. 

d. 
Craneman . . = -45 per ton. 

Engineman and bargeman . = *60 „ „ 
Interest, wear and tear . . = -42 „ 
Coke, 6 sacks per day, and oil = *33 „ 

Average Composition of rireclays. 

Peroxide 
Silica. Alumina^ of Iron. Lime. Magnesia. Potassa. Titanic Acid. Soda. 
65-0 28-0 4-6 0-3 0*35 1*2 0.25 0-3 

Composition of Fireclay. 

Silica (SiO,) .... 59 to 96 per cent. 
Alumina (AljO,) . . . 2 to 36 „ 
Oxide of Iron (Fe.O,) . . 2 to 5 
Lime, Magnesia, Potash, Soda . traces. 

The more alumina that there is in proportion to the silica, the more 
infusible the fireclay. (J. Hornby.) 



Dinas Brieki. 

Silica 95 per cent. 

Alumina and oxide of iron . 2 to 3 „ „ 

Lime 1 to 2 „ ., 

These bricks swell on burning, linear expansion 0*9 to 3*4 per oent. 
after being heated for 14 days to 1700° C. 

Silica in ordinary Stourbridge firebricks = 65 ^ler cent. 

, „ „ Welsh „ = 95 „ „ 

Specific heat of fireclay . » . . = 0*21 „ „ 






FIREBRICKS. 
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Tests of Firebricks at Boyal. ArsenaL 





Cracked At. 


Crushed AU 


Stourbridge . 


1,478 lbs. per square iuch 


2,400 lbs. per square inch 


»» • 


1,156 „ „ „ „ 


1,156 „ „ „ „ 


Newcastle 


889 „ „ » 


1,512 „ „ „ ^ 


Plympton 


1,689 „ „ „ „ 


2,666 „ „ „ „ 


Dinas . . . 


1.123 „ „ „ ., 


1,288 „ „ ,) „ 


Kilmarnock . 


2,134 „ „ „ „ 


3,378 „ „ ,) „ 


Glenboig . . 


1,067 „ „ „ „ 


1,556 „ „ „ „ 



Cubes H inch sides, cut from soaps, were used and placed between 
pieces of sheet lead. 

Fireolay Blocks Weigh per 100. 



Inches. 












18X 9X3 

24X16X3J 

24xl2x3i 


1 
3 
2 


8 

17 

19 


3 

1 
1 







[Ellis and Qrahamslej's, 
Newcastle. 


12x 9X 6x3i 


1 


15 








1 Welsh. 


9X 9X 6X3| 


1 


3 








12X 9X 6X3| 


1 


11 


2 


1 


Mobberley and Perry's. 



General Kotos. 

Ewell bricks are soft and not suitable for use where clinker bars 
are liable to be used, and should be set in Ewell loam. 

Dinas firebricks fuse at about 3,880° to 3,930° F. 

Firebricks from magnesia are being made, and recommended for 
very high heats, containing 95 to 97*8 per cent, pure magnesia ; they 
are set in a mortar made up of magnesia powder. 

About ^ ton of fireclay is required per 1,000 Newcastle firebricks 
used. 

If there be a thick joint or the broken comer of a brick where the 
flames from the f arnace can get a hold upon, it will rapidly hollow 
out the brickwork at that point ; joints should therefore be very 
thin. Fireclay suffers no deterioration of quality from rain. 

Twenty-one cubic feet of dry ground fireclay firmly packed = 1 ton ; 
17| cabic feet of blocks = 1 ton. 

Botortf. 

A good retort will sound metallic when struck, but if nnder-bnmt 
or unduly cracked will give a dull sound. 

H. Beissner's Bule (Berlin Gkis Works), 15 per cent, retorts in 
reserve in midwinter. 

For machine stoking with 20 feet through retorts, Mr. West 
suggests a space of 21 feet 6 inches in front of beds each side at 
least, and 18 feet extra length from the centre of the end retort to 
enable the machines to be run out of the way. 
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The lowest point of the roof trusses should be 82 feet high from 
stage or floor line, at 11 feet from face of retort stack. 

Height of tie-beam of roof in retort house should be at least 
20 feet above floor line. 

It is best not to allow floor joists in stage retort houses to bear 
upon the brickwork of the setting, owing to the great expansion and 
contraction of the latter. 

Openings in the roof of retort houses near the eaves have been 
objected to as likely to drive the smoke downwards. 

The openings in side walls of retort houses for ventilation should 
be above the level of the top of beds. 

Provide as few doorways on floor line as possible in retort house. 

Concrete under retort settings should be at least 1 foot below floor 
line. 

Space in front of benches should be 22 feet or 25 feet if machinery 
is to be used. 

It is likely to be cheaper to build the retort house of sufficient 
width to erect upon the stages the ordinary coal hoppers and bins, 
from which the coal can be elevated direct to charging hopper at any 
part of the machine's progress along the stage, by an elevator 
attached to the machine. (A. F. Browne.) 

Xr. Wyatt*8 Eule — 1 foot run of retort house per ton carbonised 
per day or 6,000 cubic feet with floor area of 1,000 feet per ton per 
day, and costs 18 per cent, of total capital at a rate of id. per cubic 
foot all provided. 

Drain pipes to stoke-holes 9 inches diameter best laid with a fall of 
3 inches in each 100 feet run, with 3 feet x 3 feet manholes to about 
every 100 feet (1 foot 9 inches of ground above the shallowest end). 

The loss of power in distributing energy by compressed air equals 
60 per cent. 

Heat of one bed of retorts has heated a boiler 3 feet 6 inches 
diameter 9 feet long after heating the retorts, but this heat would 
have been better utiBsed if heating the retorts. 

A temperature of 1,500° F. is often found in flues of moderate 
sized works. 

Jointing for Xouthpieces to Clay Setorts. — Two parts of sulphate 
of lime mixed with water, mixed well with six parts iron borings, 
with solution of sal-ammoniac, or three parts fireclay and 1 part iron 
borings (by weight) mixed with ammoniacal liquor. 

Cross Tie Bods to Benches should be capable of resisting a breaking 
strain of 60 tons, and longitudinal tie rods 100 tons, it is practically 
impossible to prevent the expansion of a setting when first lighted 
up, and the tie rod nuts should be only hand tight, and should be 
slackened if found necessary. 

End Bnckstayes for Stage Setting should be 12 inches X 5 inches 
H iron, 4 at each end, and tie rods to same 2 inches diameter. 

The top of a setting should be well covered or blanketed to prevent 
loss of heat by radiation. 

Division walls of settings should be not less than 18 inches thick. 

Space around Betorts should not be more than i inches wide at Any 
point in clay retort settings. 
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Clay retorts should be not less than 8 inches thick. 

Smooth inside surfaces to retorts assist in preventing the accumu- 
lation of carbon and in its subsequent removal. 

No setting should be used until at least 14 days after completion, 
and then gradually heated. 

Twenty-one inches X 15 inches X 20 feet D retorts will easily 
carbonise 5 J cwt. of Newcastle coals in 6 hour charges. 

Through retorts are more economical than singles. 

Circular retorts allow a large space above the charge, and are 
therefore bad. 

The use of Thicker Walls in front of the bench has been advocated 
for the stoppage of the ascension pipe trouble. 

Coke is sometimes removed hot by a conveyor under the mouth- 
pieces, and carried by it to an elevator where it is quenched by water 
from a perforated pipe, raised and piled in place, the elevator being 
so arranged that a swivel spout at the top allows it to be placed 
where desired. 

The Size of the Mouthpiece should never be made, in any direction, 
smaller than the retort, as the coke can then be easily removed with- 
out jamming ; neglect of this precaution has caused the mouthpiece 
to be removed when drawing coke with machinery. 

" Use plenty of walls to support retorts, and of good thickness, the 
small increased quantity of fuel required to heat them is more than 
compensated by the life of the retorts and setting generally." 

" The brickwork in a setting should only be sufficient to uphold the 
retort, and to be of as small an area as possible at many points rather 
than large areas at few points." 

Allow 25 square inches Air Space per retort between fire bars in open 
hearth furnaces. 

In ordinary furnaces allow plenty of room above the fuel so that 
the CO may be converted into COj, before it passes among the 
retorts, say equal to the area of the fuel. 

Ordinary furnaces evaporate 12 cubic feet of water per 24 hours. 

With coal in furnaces, more space in flue ways required with 
increased supply of air. 

About 50 per cent, of the heat generated in an ordinary furnace 
escapes unused up the chimney. 

Allow about twice the theoretical quantity of air to ordinary 
furnaces, or some of the CO will pass away without being converted 
into CO9 

Each 3 lbs. C requires 8 lbs. O, or 35 lbs. (460 cubic feet) of atmo- 
spheric air, for complete combustion. 

To estimate furnace efficiency : — 

If T = temperature of smoke gases, t = temperature of air, 
o = specific heat of a cubic metre of CO2 (= up to 150<^ C. = 04 L 
from 150° to 200«> = 0*43, from 200° to 250° = 0*44, from 250*^ to 
300«> = 0-45, from 300«> to 350° = 0*46), c = specific heat of a cubic 
metre of or N (about 0*31), then the loss of heat, a?, in the furnace 
for eyery kilogramme of carbon burnt, expressed in calories, 

is a? « 1-854 (T-O + 1-854 (T - 152jl!f C. 






life 500 days. 


6 


„ 300 „ 





„ 104 „ 





„ 406 „ 





„ 500 „ 





„ 600 „ 
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Calorific value of 1 kilogramme carbon is 8080 calories ; 

100 X 
therefore = proportionate heat lost by fire gases. 

1 kilogramme carbon forms 1*854 cubic metres of GO^ at 0° C. and 
760 minimum pressure. (Dr. G. Lunge.) 



Structural Cost per Mouthpiece of Different Settings. 

(W. R. Chester, 1894.) 

& 9. d. 

Ordinary settings 14 

Elonne gaseous fired setting 32 4 

Siemens „ „ ,, . 25 6 

West „ „ „ . . 27 17 

Siemens- Foulis gaseous fired setting . 27 15 

Chester „ „ „ . 17 

Katerialg Bequired for a Begenerator Setting of Kine D Betorts 

(13i inches x 20 inches x 20 feet long, 4^ inch walls). 
From springing of furnace arch to level of first line of retorts : — 

Stourbridge Goods. 

9 inches x 2^ inches x 4i inches = 1010 Ewell N.N. 1664. 

9 „ x2 „ x4i „ = 120 9 172. 

9 „ xli „ x4i „ = 230 

9 ins. x 2^ ins. X 2^ ins. Clubs =: 110 

Bevel side = 100 

Bevel ends = 200 

Feather edge = 100 

Arch = 30 

From level of first line of retorts : — 

Stott/rbridge Goods. 

9 inches = 822 



14 „ 


= 16 


2 „ 


= 172 


H » 


= 237 


1 inch 


= 82 


Bevel ends 


= 146 


„ sides 


= 62 


Clubs 


= 128 


Arch 


= 145 



Feather edge = 392 
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From stage line :— 

Stourbridge Goods, 



14 inches 


1 m^a^ 


64 Ewell. 






9 „ 


^ 


2212 S.S. 


9' 


= 460. 


3 „ 


= 


44 N.N. 


9' 


= 250. 


2 „ 


^ 


216 N.N. arch 


= 700. 


H » 


"S^ 


224 






1 inch 


2S 


110 






Clubs" 





184 






Feather edge 


= 


742 






Bevel sides 


^S 


144 






„ ends 




50 






Arch 


^ 


118 







Bdgenerative FomaeeB. — Provide for a good depth of f ael. 

The adoption of gaseous firing greatly increases the lives of the 
retorts. 

Generator settings are those in which a portion of the heat given off 
by the furnace is utilised to heat the air for secondary supply. 

Regenerator settings utilise the heat of the waste gases aiter they 
have left the setting proper. 

Generator furnaces should be from 4 to 6 feet deep, and of com- 
paratively even thickness, usually 4 to 6 feet long, and 2 to 3 feet 
wide. (J. Hornby.) 

The introduction of gaseous firing with greatly enlarged combustion 
chambers has not only effected great economy of fuel, but has 
increased the durability of retort settings above 66 per cent., while 
wear and tear in furnaces has been reduced in a far higher ratio. 

Beds of retorts run two years continuously, when a few bricks in fur- 
naces, on clinker line, have to be cut out and replaced. (A. F. Browne.) 

The yield per mouthpiece has been increased 30 per cent, by the 
introduction of Regenerative furnaces. 

Allow a considerable depth of fuel in generator not less than 3 feet 
6 inches. 

The simplest arrangement of flues, if of sufficient length and area, 
is quite as satisfactory as more elaborate methods. 

The gases in a retort setting should be made to travel so that the 
heat is evenly distributed among all the retorts an^ throughout their 
length. 

It is equally necessary to provide a good system* of distribution of 
heat as to get a good regeneration. 

Slowness of travel and opportunity for the heat to pass through the 
material separating the waste gases from the air to be heated is 
the main point to bs observed in designing regenerative furnaces. 

A large number of inlets for secondary air and for CO from 
generator is advisable in combustion chamber arranged so that an 
intimate admixture may take place. 

The principal point to aim at in regenerator settings is to have 
an equal distribution of the secondary air and the gas along the line 
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Jointing for Aieeniion Pipes. — Slaked lime or fireclay well pressed 
down. 

Curves in rising and arch pipes should be as gradual as possible. 

Keep all curves in arch pipes gradual, as sharp comers produce 
stoppages. 

Ascension pipes should be at least 8 inches from face of brickwork. 

Weight of 6-inch pipes and bends in ascension dip bridge pipes and 
covers to a setting of nine retorts 21 inches by 16 inches ; hydraulic 
main cover 9 feet 3j inches from under side of top of upper mouth- 
piece equals 4 tons cwt. 8 qrs. 9 lbs. 

Dip pipes should be carried to, say, within 3 inches of the bottom of 
hydraulic main, so as to keep the liquid agitated at this portion of 
the main. 

If the dip of the pipes in the hydraulic be kept at f inch, and 
provision made for a water seal instead of a tar one, most of the 
objections to dip pipes are removed. 

Four or 5 inches of liquid is quite sufficient in the bottom of the 
hydraulic main, as then the whole of the liquor and tar is kept 
agitated by the passage of the gas, and the deposition of thick tar 
prevented, and constant cleaning out rendered unnecessary. 

Dip Pipes with light seals give equal results to anti-dip pipes. 
(W. A. Valon.) 

Mr. Valon has abandoned anti-dip pipes for ^-inch seal, which he 
considers better, as, if the former were used, leaking retorts from over- 
exhaustion are very frequent. 

The advantages of removing the dip-pipe seals : — Improved 
illuminating power, increased yield of gas, less carbon deposits and 
napthalene, better utilisation of the heats, longer life of tlie retorts, 
fewer stoppages in the ascension pipes, kc, (Ulysse Andr^.) 

A mouthpiece for a 21 -inch by 15-inch D retort weighs about 
3 cwt. 1 qr. 9 lbs. (this is with a 6-inch round hole on upper side for 
outlet and four holes for fixing flange of rising pipe with bolts). Lid, 
cross-bar lever, &c. (Morton's lids) weigh about 78 lbs. for same 
mouthpiece. 

Joints in dip and rising pipes in sockets may be made with fireclay 
and iron borings wetted with ammoniacal liquor. 

Join iron mouthpiece to clay retort with fireclay, iron borings, and 
sflil-ammoniac. 

Fireclay and iron borings wetted with ammoniacal liquor may be 
used on all socket joints as well as mouthpieces. 

Foul main temperature often 130° F. 

Foul main area should equal 125 per cent, area of connections in 
works. 

The gas, on leaving the hydraulic main, should be allowed to flow 
slowly, and be kept at a temperature of about 140° F. in the collecting 
main ; then the small proportion of benzol serves to arrest the 
napthalene in the condensers. (MM. Delseaux and Renard.) 



HYDHAUUC MAIX VALVE 



Hydraolie Main Tslve. 



Z' 
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Size of Conneotioxut tlsnal in Gasworks. 



Make per Day. 


Make per Annum. 


Diameter of 
Counectious. 


22,000 


4,000,000 


4 inches. 


81,000 


5,750,000 


6 „ 


65,000 


12,000,000 


8 „ 


115,000 


21,000,000 


10 „ 


208,000 


38,000,000 


12 ., 


285,000 


60,000,000 


14 ;. 


325,000 


60,000,000 


14 ., 


d70,000 


68,000,000 


16 ., 


470,000 


85,000,000 


16 ., 


580,000 


105,000,000 


18 ., 


720,000 


130,000,000 


18 ., 


830,000 


150,000,000 


18 .. 


865,000 


156,000,000 


18 ., 


900,000 


165,000,000 


20 „ 


1,050,000 


190.000,000 


20 „ 


1,100,000 


200;000,000 


20 „ 


1,300,000 


240,000,000 


24 ., 



Herr Seissner's Bule (works coanections). — Mains, velocity, 6*56 
to 9*84 feet per second. For small mains allow lesser velocity. 
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C0NDENSEB8. 

Wyatt'B Bule. — 136 cubic feet of structure inside walls, 850 to 
1,000 gallons per diem. 

Clegg gives 150 superficial feet per 1,000 feet per hour when the 
layer of gas is not more than 3 inches thick. 

One hundred and fifty to 200 square feet condensing surface per 
1,000 per hour necessary. (Butter field.) 

Allow 5 square feet cooling surface with wrought iron mains per 
1,000 cubic feet in air condensers from the outlet of hydraulic main to 
the outlet of condenser. (Herring.) 

Newbigging says 10 square feet per cubic foot per minute. 

Editors of *' King's Treatise " say that, under ordinary conditions, 
with air condensers, a superficial area equal to 10 square feet per 1,000 
cubic feet per day is required from the hydraulic main, 20 feet of 
length per inch diameter of this pipe should be in the retort house. 

Messrs. Dempster and Sons recommend a surface of 100 superficial 
feet per ton of coal carbonised per day, but add that 120 feet would 
be better. 

Another authority says a surface of 54 square feet is ample for 
cooling 35,000 cubic feet of gas in 24 hours, equal to 1 square foot per 
650 cubic feet in 24 hours. 

Atmospheric CondenserB. — The pipes from the hydraulic main 
should have a superficial area of 10 feet per 1,000 cubic feet made 
per diem. 

' Area required for condensation equals about 4 square feet cooling 
surface (air) per gallon of water yielded per ton. 

In water tube condensers about 2^ square feet of cooling surface is 
allowed per 1,000 cubic feet. 

Beokton Air Condensers. — Gas travels at the rate of 6*3 miles per 
hour, and has 4 square feet of exposed surface per 1,000 cubic feet 
gas made per diem. Formerly gas travelled at a greater rate (9 miles 
per hour), the tarry vesicles being broken up by friction against the 
side of main. 

Herr Beissner's Bnle.— 3*65 square feet of cooling surf ace per 1,000 
cubic feet per 24 hours as a minimum. 4*56 square feet of cooling 
surface per 1,000 cubic feet per 24 hours is the best allowance. 

General Notes. 

At Botherhithe gasworks, with a maximum make of 5,000,000, the 
condensing surface is 6*76 square feet per 1,000 and the speed 655 feet 
per minute, but the final removal of tar is not effected until the gas 
reaches the washers. 

Long pipe condensers, through which gas passes rapidly, will break 
up the tarry vesicles by the friction on the sides of the pipes, the 
rate of travel at Beckton being 15 to 20 miles per hour. Another 
method is to pass the gas three or four times through a series of fine 
orifices, causing it to impinge on a plate. This also breaks up the 
vesicles. 

M2 
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Another plan is to pass the gas slowly through large pipes and 
gradually cool and condense the tarry vesioles. Speed, say one mile 
per hour. 

It is said that slow condensation, say four or five miles per hour, 
causes a decrease in the deposition of napthalene. 

With annular condensers the inner air pipes should be fitted with 
valves to regulate the quantity of air passing through and to prevent 
undue condensation of the gas. 

Excess of Temnera. Quantity of Heat Lost by a Squart 

jsxcess ot iempera. ^nit of Exterior Surface, 

tureoruas. ^^ ^^^^^ 

10° F. 8 88 

20° 18 266 

30° 29 6,353 

40° 40 8,944 

50° 53 1,3487 

(Peclet.) 

Condensation should be sufficiently complete to clear the gas of any 
redundant napthalene vapours, but should not be carried so far as 
to take out the hydrocarbons so necessary for increasing its illuminat- 
ing power. Contact of the gas with the tar should be as limited as 
possible, as this substance has been proved incontestably to cause 
dissolution of the light-giving hydrocarbons. 

Gas should be cooled down to a temperature equal to, or even 
below, that of the coldest appliance it would have to traverse in its 
passage to the burner. 

" The temperature of the gas should be rapidly brought down to 
about 60° F." (MM. Delseaux and Renard.) 

Another authority says :— " Gas should be cooled very slowly, and 
not below 50° F., or some of the lighter hydrocarbons will be 
deposited." 

If napthalene in dangerous preponaerance is to be kept out of the 
gas, good condensation must be adopted, and maintained uniformly. 
It is possible to select a gas coal or mixture of gas coals which will 
yield a good illuminating gas with a fair minimum of napthalene. 
The specific gravity of the tar affords a fair criterion of the amount of 
napthalene present in the tar. 

" Mere cooling by unobstructed flow through pipes and chambers 
will not deprive gas of the whole of its suspend^ tar — its complete 
removal being only effected by means of friction." (A. F. Browne.) 

** To prevent tar going forward to the scrubber, fix some wooden 
discs with holes of varying size, according to the make of gas, and 
between them some grids constructed of 1-inch and J-inch bars set 
I inch apart, so that the whole of Uie gas as made is forced through the 
hole in the disc and impinges upon the iron grids." (W. R. C<K»per.) 

At 14 inches pressure 9,000 cubic feet of gas per hour will pass 
through a hole 1 square inch area. 

So long as the temperature of the tar is above 90° F. there is no 
fear of clogging of peiiorated plates used for separation of tar from 
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liquor, the plates being said to increase the illuminating power 
owing to the retention of the napthalene vapour. 

After the tar has been separated from the gas it is well to ensure a 
prolonged association of the gas with its aqueous vapour, which, when 
later on condensed, consists of 8 or 9 oz. liquor containing much 
COL and H3S. 

Tarry vapours are more easily condensible under pressure. 

It has been proposed to use atmospheric condensers sufficient for 
mid- winter use, and supplement these in summer by the use of water- 
tube condensers. 

Friction tends to the deposition of napthalene, especially at low 
temperatures ; therefore anything rough on inside of pipe should be 
removed and easy bends always used where possible. Small mains 
likewise cause deposition of napthalene. 

Condenser mains should have a fall of 1 inch per 9 feet length. 

The weight of wrought iron mains is only about one fourth to one 
fifth that of cast iron mains of equal calibre, and they are quite strong 
enough for use above ground and where they can be examined for 
rusting, &c., and above moderate sizes are cheaper than cast iron. 

Works mains may be made of wrought iron or steel, 20 feet long, 
with L iron flange joints. 

Byepasses should be fixed to each piece of apparatus in the works. 

All valves and blank flanges in works should have wells dug out 
around them vrith brick or timber sides, and timbers laid over them 
with ^-inch blocks to keep them slightly apart. 

Cost of fitting up 12-inch pipes, eight tiers high, to form condensers, 
7^d. per yard run of pipe (1893) ; this includ^ fixing vertical struts 
and making lead joints. 

A small balanced holder at outlet of condensers serves to prevent 
any oscillation on the retorts, and is especially useful where more 
than one retort house is worked from one exhauster. 

Give mains in works inclination of from J inch to 1 inch per pipe. 

Allow a fall of 1 inch in 9 feet in works mains containing much tar. 

Newcastle coal yields about 12 gallons water per ton. 
Derbyshire „ „ „ 26 „ 
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TAB TANKS— LIQUOB TAKES. 

Tar and liquor tanks should be of sufficient capacity to hold 
850 gallons per ton per day ; or, say, five or six weeks' make. 

Tar and liquor storage for 2,000,000 plant, 500,000 gallons, or 
four weeks' make. (A. Colson.) 

One ton coal makes about 28 gallons 10 ounces liquor. 

Allow not less than space for six weeks' production in tar and liquor 
tanks. 

Tar and liquor tanks should equal four to six weeks' stock as a 
minimum. (Herring.) 

Cover tar and liquor tanks to prevent escape of the ammonia 
gas, and danger from fire. 
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BOILERS, SITQIKES, PUMPS, AND EXHAVSTEBS. 

Exliauster Plant. 

A horse-power (H.P.) is the quantity of work equiyalent to the 
raising of 33,000 lbs. through 1 foot in 1 minute, or to equivalent 
motion against resistance. 

This is the usual unit by which the power of any steam engine is 
calculated. 

To calculate horse-power of any engine : — 

P = The mean effective pressure of steam in lbs. per square 
inch. 

A = The area of the piston in square inches. If the piston 
rod runs through cylinder its £rea should be deducted ; if 
only on one side of piston, half the area should be deducted. 

L = Length of stroke in feet. 

N = Number of strokes per minute =: revolution per 
minute X 2. 

H.P, = Horse-power of engine 

PLAN 



H.P.= 



33,000 



Nominal horse-power (N.H.P.).— Ten circular inches of piston«area 
are usually provided for each N.H.P. 

Brake horse-power (B.H.P.) is the actual power given off by an 
engine at the end of its crank shaft or rim of flywheel. 

Unit of heat, or British Thermal Unit (B.T.U.), is the amount of 
heat required to raise 1 lb. of water 1° at 39*1° 

Joule*s mechanical equivalent of heat equals 778 foot-pounds. 

To raise 1 lb. of water 1° F. requires the same energy as to lift 
1 lb. weight through a height of 778 feet, or 778 lbs. 1 foot. 

Mechanical efficiency of a steam engine, about 85 to 90 per cent. 

Thermal „ „ „ „ 10 to 14 „ 

Thermal ,, gas ,, „ 18 to 23 „ 

Wjatt's Bule. — 120 cubic feet of building to house boilers and 
details, and floor area 385 superficial feet per ton per day. Cubical 
contents of boilers (net outside measurements) not less than 5 cubic 
feet per ton per day. 

To house engines and exhausters 105 cubic feet, or 3 square feet 
per ton per diem. 

Herr Beismer't Bnle. — Exhausters. Have one in reserve at each 
works. 



HOnSE-POWKB BBQIIIRED TO WORK BXHAU8TBB8. 



EoTiB Power 


B«4aiT«d t« 


Give 24 InehM ?niiar«. 






(Gwynn 


e ft Co.) 














H.P. 




per Hour. 




per Mlimte. 




R«luiKd. 


per Minute. 


2,200 


i 


2S0 


63,000 


6 


75 


S,000 












5,900 


1 


230 


73,500 


7 


75 


10,500 


1 


200 


78,700 


8 


75 


15,700 


2 


150 


84,000 


8 


70 


21,000 


2 


100 


94,500 


9 




26,200 




95 


105,000 


10 




31,600 


3 


85 


126.000 


12 




3fi,700 


4 


85 


147,000 


IB 


61 


42,000 




8B 


160,000 


16 




47,200 




84 


180,000 


19 


60 


52,500 


6 










57,700 


e 











still g 

EzhauBt«r8 ahoald work with a minimam amount of power, and 
huve as few parts to get out of order as possible, and at the same 
time give a steady pull without oscillation, 

Exhatuten only pass 75 per cent, of eatimated quantity by 
■neaanrement. 

Iheorotioal Hone-Fowar B«c[iilnd to pui 0*i at Variona Preiiniei 

without anj AUowanee for Triotion of Ez1iaait«r. 

(Edwin B. DonkJD, 1894.) 
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0-1 fi 
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0-S4 


0-?ft 


0-31 
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0-47 


0-53 


0-66 


10,00( 


))-ll 


0-* 


0-31 


(1-31 


0-41 


O-fi! 


(l-(i! 


11-7! 


(1-Hfi 


litR 
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0-Hh 
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l)-5f 
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0-7< 


0-9^ 


1-11 


l-+\ 


l-fit 
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*h; 


0'6! 


0-7! 


0-95 




1-W 




1-fM 


'Ml 


V.-K1 


2B,00( 


O-Hi 


0'5i 


071 


0'9> 


Mt 


1-31 


1-Bt 


1-91 


•f'H: 


2-rtf 


.1-21 


S0,00( 


(Ht 


0-71 


0'91 


1-1> 


1-42 


1-Bl 




2St 


2-8; 


3-15 


3-9- 


40,00( 


0-6', 


n-s^ 


1-26 


lfi> 


IW 


2-11 


2-51 


.'(■Ih 


3-7» 


+-2I 


fi-2( 


50,00( 


n-7! 




1-51 


1-95 


2'3f 


•,(■«.« 


3-15 


•H-HI 


4-7,- 


h-2h 


6-Bl 


80,001 


0-S1 


1-41 


I'M! 


2'Sfi 


2-H4 


3-15 


3-7! 


4-7.' 


5-6', 


K,3l 


7-8! 


80,00( 


I-2^ 


l-H^ 


H'5', 


:i-iK 


,H-H( 


VM 


5-04 


6-31 


7-5f! 


H-42 


III-5 


100,00( 


i-ht 


H'.l- 


3'lt 


8-H4 


4■7;^ 


r.-n 


6-31 


7-8! 


9-41 


10-5 


I.H-II 


1BO,00( 


2-s: 


3■s^ 


4-7K 


5-91 


7M1« 


7-H7 


9-4K 


Il-H 


14V 


15-8 


19-7 


200,00( 


s-m 


4-74 


6-82 


V88 


»'46 


10-6 


12-6 


15-8 


18-9 


^10 


^ti-3 
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Percentage to add to power shown on previoos tables to ascertAin 
horse-power required to drive exhansteis at various pressures — 

10,000 at 12 inches pressure . .100 per cent. 
20,000 „ 18 „ „ . . . 90 

24 „ „ . . . 70 

. . 60 

45 

. . 40 



50,000 „ 
100,000 „ 
200,000 „ 
300,000 „ 



30 
36 

60 



•f 



1J 



»» 



»1 



Sises of C/linderi of Btaam 'Eigiji&i required to drive exhauster, 
allowing 25 per cent, to 36 per cent margin over power shown by 
previous tables. 



SizeorBxIiAiister. 


20,000 


80,000*40,000 


50,000 80,000 100,000 150,000 


200,000 




In. 


In. 


In. 


In. 


In. 


In. 


In. 


In. 


Gas pressure 


18 


20 


22 


24 


26 


30 


33 


36 


Boiler „ 40 | 


diameter 4^ 
stroke 4| 


6 
6 


(a 
12 


7 
12 


10 
14 


lOi 
15 


12 

18 


14 

18 


.,60| 


diameter 






6 


8* 


10 


10^ 


12 


stroke 






12 


14 


14 


15 


18 


» 80 1 


diameter 








7 


8* 


10 


10 


stroke 


— 


— 




12 


14 


14 


18 



In calculating size of exhauster required, the maximum rate of gas 
made per hour having been ascertained, 20 per cent, to 25 per cent, 
should be added to allow for the extra flow after the retorts are 
freshly charged, allowing also for the difference in temperature 
between gas at exhauster and at station meter. If a bjepass is used 
to regulate the pressure or exhaust, a further percentage should be 
added, varying with the amount of the difference of pressure and 
exhaust. 

In the best modern type of engine and good boiler, the combined 
eflScieacy is only 14*01 per cent, or Jth of the heat value of the fuel 
used. 

10 per cent, to 20 per cent, can be saved by properly applied steam 
jackets to engine cylinders. Covers should ^so be steam jacketed. 

In the cylinder of a non-condensing steam engine, with saturated 
steam at 60 lbs. pressure, the temperature is 293° F., and at 100 lbs. 
pressure 838" F. 

Thickness of engine cylinders = 

diameter x pressure of steam in lbs, per squar e inch 
2,400 if vertical, or 2,000 if horizontal 

4000 T^* 



or. 



T = 



or. 



^ — 5 ' 200 



Ends = T X 1-2 



INDICATED HORSE-POWER. 
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Xifeetive PresBore of Steam upon Piston Snr&ce. 

Boiler pressure assumed at 100 lbs. per square inch. Different 
rates of expansions. 









Effective 
Pressure. 


Steam cut oft at 


s 


of stroke 


= 90 lbs. 




§ 


>i 


= 80 „ 
= 69 „ 
= 50 ., 
= 40 „ 



To Oalonlate the Indicated Horse-Power of a Steam Engine. 

Radius of cylinder* equals I.H.P. at 42 lbs. mean pressure and 250 
feet per minute piston speed. 

Any other pressure and speed may be calculated from above by 
direct proportion. 



Losses in Boilers, Engines and Electricity Plants. 



Lost in ashes .... 
Lost in radiation from boiler 
Carried off in gases of chimney 
Carried off in auxiliary exhaust . 
Lost in radiation and leakage main pipes 210 

small 



V 






»1 
11 



1> 
11 



11 



Rejected to condenser 
Engine loss .... 
Generator or dynamo loss . 
Line loss .... 

Transformer loss . 

Total loss . 
Heat delivered to electric light 

Heat units in 1 lb. coa « 



engine 



] 


rercentagt. 




of heat 


B. T. Us. 


in Coal. 


. 135 . 


1-00 


. 675 . 


5-00 


. 2970 . 


: 22^00 


. 190 . 


1-56 


s 210 . 


1^40 


30 . 


0-22 


. 280 . 


2-08 


. 7737 . 


. 57-31 


. 76 . 


•66 


. 48 . 


. 36 


. 115 . 


. ^86 


. 52 . 


. -39 


12618 = 


92-74 


982 = 


7^26 


13500 . 


100-00 



(Deduced from " Power.") 
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BOILERS. 



171 



Proportions of Steam Boilers per Nominal Horse-Power. 

1 cubic foot water per hour. 

1 square yard of heating surface. 

1 „ foot of fire grate surface. 

1 cubic yard capacity. 

28 square inches of flue area, 

18 ., over bridge. 



IH 



f5 



») 



5J 



>) 



?» 11 11 ^*CA 

of chimney area. 



L X D (in feet) 



= H. P. nominal of any boiler approximately. 



Fqnation for Examining the Data when Designing a Steam 

Boiler. (Prof. A. Huet.) 

Pounds coal burnt per hour . . per 1 square foot grate surface. 

Grate surface per boiler heating surface. 

Boiler heating surface square feet per pounds water evaporate<l 

per hour. 
Pounds water evaporated . . per pounds coal burnt. 



Total 



should equal Total 



Working Strength of Solid Wrought Iron and Steel Cylinders 

to Besist Internal Pressure. 





Working Pressure in Lbs. 




Working Pressure in Lbs. 


DiAniAi^r 


per Square Inch. 


Diameter. 


per Square Inch. 




(Excess of Internal over 


(Excess of Internal over 




External Pressure.) 




External Pressure.) 


Inches. 


Iron. 


Steel. 


Inches. 


Iron. 


Steel. 


12 


1,267 


1,767 


66 


230 


321 


18 


845 


1,177 


72 


211 


294 


24 


633 


884 


78 


195 


272 


30 


507 


707 


84 


181 


252 


36 


422 


589 


90 


169 


235 


42 


362 


505 


96 


158 


221 


48 


317 


463 


102 


149 


208 


54 


282 


393 


108 


141 


196 


60 


253 


354 









Thickness of cylinders, 1 inch. Working stress equals 7,600 lbs. per 
square inch for wrought iron, 10,600 lbs. per square inch for steel. 
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DUgna thnriBg VorMng Stn^tk of Solid Tnvglit Iron ud Steal 
CyliBdan t« Bacut Intenwl TtManre per 1 ineli thick. 



(Deduced from Unwin.) 
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Hotel on Laneashire Boilers. (M. Longridge.) 

Abandon 6 feet grates if a shorter length will burn coal at 16 to 
21 lbs. per hour. 

Redace draught as much as the fuel will permit. 

Obtain and use drj fuel and weigh ashes as well as fuel used. 

Stop all leaks in boiler settings. 

Aim to keep up 00^ in chimney to 10 or 11 per cent. 

The hotter the furnace the better. 

An ordinary furnace requires 24 lbs. of air or 300 cubic feet of air 
for the consumption of each 1 lb. of coal ; if a' blast or steam jet is 
used this may be reduced to 18 lbs. or 220 cubic feet. 

From 13 to 20 lbs. of coal may be consumed per square foot of fire 
grate ; f foot of fire grate required to evaporate 1 cubic foot of water. 



Strength of Boilers. 

T X C 
Bursting strength of shell : P = 

Where— 

P = bursting pressure in lbs. per square inch. 

T = thickness of plate in sixteenths of an inch. 

D= diameter of shell in feet. 

C = for wrought iron (single riveting) . . 1,097 
„ „ „ (double ,, ). . 1,372 

„ steel ( „ „ ) . • 2,156 

„ „ (single „ ). . 1,722 

Collapsing pressure of tubes ; P := — — 

Where— 

P = collapsing pressure in lbs. per square inch. 
T = thickness of tube in thirty-seconds of an inch. 
L = length in feet. 
D = diameter in. inches. 

Thickness of fire bars, ^ to | inch ; space, f to ^ inch ; inclination 
of bars, 1 in 10 to 1 in 12 ; height of dead plate above floor, 2 feet 
8 inches ; minimum height of water over flue, 4 inches ; average 
height of water over flue, 9 inches ; inclination of boiler towai^s 
blow-off cock in setting, -I inch in 10 feet. 

Cornish or Lancashire boilers firegrate area X 4 = H. P. 

Cornish or Lancashire boilers usually require 7 square feet heating 
surface per horse-power. Heating 8urfox3e should be 20 times, and 
never less than 10 times, firegrate area ; or. 



HP Diameter of cylinder in inches * X V stroke in inches 

S-25 
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If more than one cylinder B* = sum of the squares of the diameters 
of the pistons. 
Approximate rule for the nominal horse-power of cylindrical 

two-flued boiler is — ^ — = H.P. 

Safe Pressure on a Circular Boiler. 

2tfv 



P = 



dk 



: safe pressure in pounds \^r square inch. 
: thickness of shell in inches. 

: tensile strength of plate in pounds per square inch. 
: for ordinary iron boiler plates, 20 tons. 
= for steel boiler plates, 28 tons. 
= diameter of boiler in Inches. 
: in ordinary cases 6. k:= factor of safety. 
: for single riveting 40 per cent 
r{=: for double riveting 60 per cent. 
= for butt joints 70 per cent. 
= efficiency of the riveted joints. 

PresBnre in Boilen. 

Circumferential bursting pressure is numerically equal to the area 
of the end X the pressure per square inch. 

Bursting pressure longitudinally equals pressure per square inch x 
diameter in inches. 

In a cylindrical shell the intensity of longitudinal stress is only 
half as great as the intensity of circumferential stress. 

Safe Working Pressure on Boiler Pomace Tubes. 

^ — (L + 1)X D 

,> , ,, ,8,000^ 

P should not exceed j. 

P = safe pressure. 

t = thickness of plate in inches. 

L =r length of tube in feet. 

C = 60,000 if seams are lap-jointed, single riveted, and punched. 

D = diameter of tube in inches. 



Safe Working Pressure on Iron Tubes CM. Longridge.) 

50^« 



lbs. per square inch working pressure = -rir- 



t =: thickness in 82nds inch. 
<2= diameter in inches. 
L ^ length of tubes in feet. 



BOILBBS. 175 

Duty Obtained from Coke-Eired Water-Tube Boilers. 

Evaporatiye datj per poand coke ^ 10*05 lbs. water. 

Mean steam pressure per square inch = 143*3 lbs. 

Mean temperature of feed-water =: 185° F. 

Mean temperature of waste gases = 527'' F. 

Air supplied per pound of combustible =: 22*39 lbs. 

Coke used =: ashes and cinders ^ 8*26 per cent. 

Coke used = calorific value per pound ^ 13,186*98 British 

thermal units. 
Heat communicated to water i= 79*21 per cent. 

A Flaw in the Thiokness of a Boiler Plate or the least separation 
between two plates when bolted together is almost sure, if exposed 
to too strong a heat, to cause injury to the boiler. 

Bate of TnuLsmiBsion of Correoted Heat through metal plates equals 
2 to 5 British thermal units per hour per square foot of surface per 
1° F. of difference of temperature. (D. K. Clark.) 

A Boiler is said to have been Orerheated when the boiler plate 
has become red hot at any given spot, and the phenomenon is recog- 
nised by the bluish shade the iron assumes when cold, due to the 
formation of a layer of oxide. Overheating alters the quality of the 
metal and disintegrates the joints, and, unless at once detected and 
remedied, it ultimately results in an explosion. 

The reason generally assigned is an insufficient supply of feed- 
water. 

If the boiler plates overlap, the transmission of heat is more or less 
impeded. Even a well made joint ought not to be exposed to too 
fierce a fire. (J. Hirsch.) 

Proportion of Biveted Joints of Maximnm Strength. 

(D. K. Clark.) 

Thickness of plate == 1 

Diameter of rivets = 2 

Pitch of rivets (single) = 5 J 

Piteh of rivets (double) = 8 

Diagonal piteh of rivets (double) = 6 

Spacing (double) = 4^ 

Lap (single) = 6 

Lap (double) = lOi 

Single riveted joint = about '56 of the plate. 

Double „ ,, = „ -7 „ „ 

Single butt straps should be 1} times as thick as the plates. 

Double butt straps should be each f times as thick as the plates. 

Site of Bivets for Various Thicknesses of Boiler Plates. 
I and A inch plates — f inch rivets. 

IB V t »» V "^"8 

1 »j 1 11 ;> — n 
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Safety Valves. — According to the Board of Trade rules the area 
of a safety valve for a boiler working at 50 lbs. pressure is 576 square 
inches per square foot of firegrate. 

W 
Another rule is A = Trrp + <* 

Where a = area of guides of valve, P := absolute pressure of steam 
in pounds per square inch, W = weight of steam evaporated per hour 
in pounds, A i= area of valve in square inches. 

Theoretically, only 7*5 per cent, of the calories developed io the 
furnace of a boiler appears as work in the engine. (Hirsch.) 

At a rough computation, petroleum burnt as fuel under a boiler 
should need only three-fifths the storage room of coal for the same 
duty ; and whatever further advantage calcium carbide has in point 
of compactness is mainly due to the superior efficiency of the gas 
engine to the steam engine. 

A non-condensing engine requires 3 lbs. of coal per I.H.P. per hour. 

A condensing „ „ 2 Ibe. „ „ „ „ 

Set Boilers in mortar made of soft sand 2 parte, lime H parts, 
sharp sand 1^ parts, except where the bricks or lumps touch the 
boilers, when fireclay should be used. 

Mr. C. Gandon found that the foundations of a boiler made of 
furnace clinker and cement, with three layers of firebrick bedded in 
fireclay, had caught fire from the flues, and the whole mass of the 
foundations was on fire. 

Large flues around boilers cause a slow passage of gases. 

. . u- 1*5 (area of firegrate in square feet) 
Area of chimney =: ^ ^ ^ - — / 

/^height of chimney in feet 

Superheaters in boiler flues for superheating steam give a gain of 
10 per cent, to 26 per cent., according to type of engine used. 

In Lancashire boilers all furnace flue seams should be below the 
grate bars, longitudinal joints of shell butted and fitted with covers 
inside and out, double riveted zigzag, with outer rows twice the pitch 
of the inner ones. 

For ordinary draught, when, say, from 20 to 25 lbs. of coal is 
burnt per hour per square foot of firegrate, the average proportions 
to aJlow per I.H.P. are — 

i square foot of firegrate. 
2^ „ of heating surface. 

l| cubic feet of water space. 
f „ of steam space. 

English coal will evaporate 8 to 9*88 lbs. water at and from 212° F. 
Scotch coal will evaporate 6*69 lbs. water at and from 212° F. 
Fuel consumption per I.H.P. may be anything from 1-3 lbs., 
according to class of boiler, engine, and method of working. 

Boiler Chinmeys. 
Allow 3J square feet chimney area for each full-sized Lancashire 
boiler, or 4 square feet for a single boiler ; height of chimney same as 
others in neighbou^'hood, preferably not less than 90 feet high. 
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DimeHsioni of Chimneys. (B. Wilson.) 











1 


Area of Top 




Height 
Chim- 


Lbs. of Goal 

per Hour 

per 1 Foot 


Height in 
Inches of 

Water 

Balanced 

by Draught 

Pressure. 


H.P. of each Area of Top 

Square Foot of Chimney 

of Chimney in Feet per 


of Chimney 

in Feet per 

H.P. where 

several 


Area 
ofFlue 
in Feet 


ney. 
Feet. 


Area at Top 
of Chimney. 


at 7 lbs. Coal 
per H.P. 


H.P. for 1 
or 2 Boilers. 


Boilers 
work 


^P 

IX. IT. 




• 








together. 




SO 


78-24 


•218 


7-3 


•146 


•091 


•182 


40 


90-35 


-296 


8^4 


-126 


•077 


•155 


60 


101-01 


•364 


9-4 


-113 


•070 


-140 


60 


110-66 


•437 


10-3 


-103 


-C64 


-129 


70 


119-52 


•5 


11-2 


-095 


•069 ' 


•119 


80 


127-77 


•68 


11-9 


•089 


•065 


•111 


90 


135-52 


-666 


12-6 


'•084 


•062 


•105 


100 


142-85 


•729 


13-3 


•08 


•05 


•100 


125 


159-71 


•911 


14-9 


•071 


•044 


•089 


150 


174-96 


1-09 


16-3 


•065 


•04 


-082 


175 


188-98 


1-26 


17-6 


•060 


•038 


•075 


900 


202-08 


1-45 


18-8 


•056 


•035 


•070 




214*28 


1-64 


20-0 


•053 


-033 


•066 


850 


225*87 


1-82 .. 


21-0 


•05 


•031 


•063 


275 


236-90, 


1-99 


22-0 


•048 


•03 


•06 


800 


247-43 


2-18 


23-0 


•046 


•028 


-057 



Armstiong proposes from 20 to 40 per cent, above these sizes, and 
to allow for additions to boilers it would be advisable to exceed above 
sizes to that extent. 

Proportion of Chimneys. 

Diameter of base, ^th height. 

Brickwork 9 inches thick for the top 25 feet. 

Brickwork 14 inches thick from 25 to 50 feet from the top. 

Brickwork 18 inches thick fix>m 50 to 75 feet from the top. 

Brickwork 23 inches thick from 75 to 100 feet from the top. 

Increasing 4} inches thick for every extra 25 feet. 

Bulo for Area of Chimney if 21 lbs. of Coal are Consumed per 
Sqnare Foot Orate Area per Hour. 

Area of firegrate, in square feet, X 1^ •^ ^ height in f Qet = area in 
square feet. 
Or^ one-eighth to one-tenth grate area == area of chimney. 

ilranght of Chimneys. 

1 cubic foot air at 30'' Bar. and 60^ F. = 0-0763 lbs. and varies as 
absolute temperature. Then if chimney gases are at 550® F- 

0-0763 X (460 + 60) ^ ^.^3^3 

460 + 550 
00763 - 0'0393 = 0*037 lbs. per foot height per square fooi; area of 
chimney or height of chimney for 1'' draught in feet 

5^21 (= lbs. per square foot of 1 pressure) __ 



= 141 
0-037 

Or, approximately — draught in inches of water « 0-0075 x 

of chimney. Then 00075 x 1 II - 10575 inches draught. 

G.E. K 



height 
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To Find Size of Chimney Beqoired. 



For a low-pressure engine, when above 10 H.P., the area of the 
chimney in square inches should be 280 times the horse-power of 
the engine divided by the square root of the height of the chimney 
in feet. (Joshua Milne, of Oldham.) 

Or, multiply the square root of the chimney height in feet by the 
square of its narrowest internal diameter in feet ; half the product 
will be the horse-power the chimney is equal to. 



Or, for circular chimney, the diameter ^ 



90 X H.P. 



/^height in feet 

Or, firegrate should <have 1 foot area per horse-power, one-fifth 
area of firegrate, gradually diminishing to a chimney which shall 
have one-tenth area of firegrate, is excellent proportion. (Cresy.) 

Or, 2 X 112 X cubic feet evaporated per hour -_ gquare inches 

Vheight in feet ^^^ 



Coal Consumable by Chimneys of Different Siies. 


(D. K. 


Clark.) 


Chimney. 


Coal. 

per 

Hour. 


Grate 
Area. 


Chimney. 


Coal 

per 

Hour. 


Orate 
#Area. 


Height. 


Diameter. 


Height. 


Diameter. 


Feet. 


Ft. Ins. 


Lbs. 


Sq. Ft. 


Feet. 


Ft. Ins. 


Lbs. 


Sq.FL 


40 


1 4 


142 


9-6 


110 


3 8 


1777 


118-4 


50 


1 8 


248 


16-5 


120 


4 


2208 


147-2 


60 


2 


390 


26-0 


135 


4 6 


2964 


197-6 


70 


2 4 


574* 


88-3 


150 


5 


3858 


257-2 


80 


2 8 


801 


53-4 


165 


5 6 


4896 


326-4 


90 


3 


1076 


71-7 


180 


6 


6086 


405-7 


100 


3 4 


1394 


930 


200 


6 8 


7920 


526-6 



Diameter = ^th height ; coals consumed, 15 lbs. per square foot 

per hour. 



Metropolitan Board of Works Beg^nlations as to Factory Chimneys. 

Base of shaft to be solid up to top of footings ; projection of 
footings equal all round, and to thickness of wall at base. 

Width of shaft at base, just above footings : — 

If square on plan, at least j^th total height. 

If octagonal on plan, at least J^th total height. 

If circular on plan, at least ^th total height. 

Batter at least 2^ inches in every 10 feet, or 1 in 48. 

Brickwork at least 8^ inches thick at top and for 20 feet down, and 
increased 4^ inches for every 20 feet additional height ; firebrick 
lining to be separate, and not included in above thicknesses. 

Cornice n'ot to project more than the thickness of walls. 
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Velocity of gases up tbe chimney being proportional to the square 
root of the height, increased duty would be better obtained by larger 
diameter than by greater height. 

The heavier the materials of which a shaft is built the greater 
would be its stability, the foundations being good. 

Batter of chimneys may equal 1 in 36. 

Theoretical draught power of chimneys with ezternal air =: 60° F.; 
internal heated air = 580° F. (coefficient in practice '3). 



Height of 


Draught in 


Theoretical Velocitj 


in Feet per Second. 


Chimney 
in Feet. 


Inches 






Of Water. 


Cold Air Entering. 


Hot Air at Outlet. 


60 


•367 


40-0 


80-8 


60 


•440 


43-8 


87-6 


70 


•514 


47-3 


94^6 


80 


•587 


50-6 


101^2 


90 


•660 


53-7 


107-4 


100 


•734 


56-6 


113^1 


120 


•880 


62-0 


123-9 


150 


1^101 


69-3 


138-6 


176 


1-285 


74^8 


149^6 


200 


1-468 


80-0 


160-0 


226 


1-652 


84-8 


169-7 


260 


1-836 


89-4 


178-9 


276 


2-020 


938 


187-6 


800 


2-203 


980 


196-0 



(Bancroft.) 

The wind pressure on chimney shafts may be taken as acting upon 
the centre of gravity and in a horizontal direction, and the over- 
turning moment equals the height of the centre of gravity (A) above 
the point at which it is desired to obtain the strength, as at a bjX 
wind pressure on chimney ; the least moment of stability must 
therefore exceed this (^f or figure see next page"). 

The pressure of the wind will tend to move the centre of pressure 
on a J, towards the leeward side. 

To obtain the moment of stability of any shaft take weight of shaft 
above ah x ^ a &. 

Eankine says a factor of safety of 2 is necessary for round shafts 
and of I for square shafts. 

It has been said that the limiting position of the centre of pressure 
is permissible to be at one sixth of the diameter from the leeward 
side for square shafts, and one quarter of the diameter from the side 
for round shafts, only when the brickwork becomes infinitely thin. 

Firebrick lining to boiler chimneys need not be more than one half, 
or at most two thirds, the total height. 

If wind pressure on square shaft = 1 

then ,y ,) „ hexagonal shaft = -75 

„ ,, „ octagonal shaft = -7 

„ „ „ circular shaft = •S (Bancroft.) 

N2 
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Chimney shafts should not be joined to any other work of buildings, 
in case of settlement or expansion. 

Grouting is not advisable, as wet mortar possesses little adhesive 
power ; and the building should not proceed at a greater rate than 
2 feet to 3 feet per diem. Only one course of headers should be used 
in large chimneys to three or four of stretchers. Capping stones 
should be light and joined with copper cramps at joints, as iron 
rusts and expands, when the stone may split and falL 

Stock bricks will bear a heat of 600° F. without damage. 

Higher heat at exit of chimney than &S(f F. or 305° C. is wasteful. 

Less exhaust than i inch water bad. 

580° F. gives a head of external air equal to half the height of 
chimney. 

By the usual rule, the external diameter at base of chimney should 
be about ^th of the height, and the batter ^ inch to J inch per foot 
on each side. 

It is frequently stated in treatises on chimney designs that the 
diametef at the base should be ^th to ^th the height, but, having 
regard to the paramount importance of width of base, the width 
obtained by this rule is insufficient. 

For further remarks on chimney shafts, see Bancroft on " Design of 
Tall Chimneys." 

Lightning Conductors. 

Copper is the best ; but, when corrosion is not anticipated, iron of 
larger dimensions may be used (conductivity of iron equals Jth that of 
copper). 

General dimensions of copper conductors : — Bods ^ inch diameter, 
tubes g inch diameter, \ inch thick ; or bands 1^ inch wide § inch 
thick. 

General dimensions of iron conductors: — Bods 1 inch diameter, 
bands 2 inches wide x | inch thick. 

Badius of protection of lightning conductors equals height from 
ground. 

Sir William Thomson's (Lord Kelvin's) note advocates the use of 
the flat (tape or sheet) form of conductor in preference to the tubular 
or solid; and, if copper be used, its weight should be about 6 oz. to the 
foot ; if iron, about 35 oz. It quotes Lodge's recommendation that 
the conductor should be connected with the water or gas mains if in 
any part of its course it goes near them, but concedes that independent 
grounds are preferable. It gives the usual advice as to electrical 
connection with masses of metal built into a building, and warns 
against the neighbourhood of small-bore fusible gas pipes and indoor 
gas pipes in general. It prefers clusters of points, or groups of two 
or three, along the ridge rod, to other arrangements, and regards 
chain or link conductors as of little use. That the area protected is 
one of a radius equal to twice the height of the rod from the ground, 
or even, as some conductor manufacturers aver, a radius equal to the 
height, is denied. No such thing as a definite area exists. That 
lightning follows the path of least resistance is also controverted, for, 
in exceptional instances, when the flash is of a certain kind any part 
of a building is liable to be struck, whether there is a conductor or not 
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Lightning may also, contrary to what is generally held, strike twice 
in the same place. Doorways of bams, chimneys, and fireplaces ar« 
dangerous places, but the smaller articles of steel, such as knives, &c-, 
have no influence on the path of discharge. The best made-groanci 
for the earth-plates is, for some flashes, but a very poor one ; damp 
earth or running water are still the best terminations known. 

Steam Pipes. 

Thickness of steam pipe in 16ths of an inch equals diameter 
(inches) -|- 4 up to 100 lbs. pressure. 



D P 
Above this T = 7-—-+ * 

4,000 ^ ' 



T ^ thickness in inches. 



Steam should have a velocity of about 6,000 feet per minute through 
steam pipes ; same for ports of engine. 
To find diameter of steam pipes for any engine : 

a/ Sq. of cylinder diar. in inches x piston speed in feet per min. 

poo 

= The required diameter of steam pipe. 

100 feet of 4-inch pipe would waste as much heat per annum as the 
consumption of 50 tons of coal would supply. With an efficient 
lagging it is to be supposed that most, if not all, of this would be 
saved. (Mr. Geipel.) 

Allow 1 inch expansion in 50 feet in steam pipes. 

A 4 H.P. engine requires only 2-inch diameter steam connections. 

Exhanst Pipe. 

To prevent undue back pressure velocity of steam should not be 
greater than 4,000 feet per minute. 
To find diameter of exhaust pipe : 

Square of cylinder diameter x piston speed in feet per minute 

__ 

The square root of the quotient gives diameter of pipe in inches ; 
same for ports of engine. 

Condensation. 

The water required for condensation is about 20 times that required 
for the feed - approximate area of condensing surface ^ heatinj,' 
surface X 0*7. 

Comparative Efficiency of Non-conducting ICateriaU. (Emery.) 

Wood felt 1-000 

Mineral wool. No. 2 -832 

„ „ with tax "715 

Sawdust - -680 

Mineral wool, No. 1 '676 

Charcoal -632 
Pine wood, across fibre '553 



Loam, dry and open 


•560 


Slaked lime 


•480 


Retort carbon 


•470 


Asbestos 


•363 


Coal ashes 


•345 


Coke in lump 


•277 


Air space undivided 


•136 



DISTANCE BETWEBN BKARINGB OF SHAFl^. 



I. 



Fnmi tba rule S = C ^', where D = diameter of ahutt. 

( 5 to < for Bhuft only, wiUimit puJlfv!.. 
= ipui between bearings In feet. C = 1 *-6 to bloi shift, wllhordinuy number 
^ ^ 1, of piilleyauid wheels. 
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Um.Wau4 




UJa^Wmteil 




Hated 




^^^■tnl 1 


gcV*JW». 1 lari 7>.ick, 


IflTF. 


Sobrtner, 1 laATUck. 


ur F. 1 


Hfat Jk{-poHl,S:'/r. 


per Hoar 


Hot Affiled, air F. 


• perHioarl 




thraish 
lSq.FL 




thlUIM,fc 1 

|i8«r#i:i 


Loose wo(J . 


81 


Airakne . . 


48-0 1 


Lire-gecK femtherB 


W 


Sand .... 


62-1 1 


Caided cotton . 


10-4 


Best slag wmd . . 


13-0 1 


HairfeU . . . 
Loose lampUack 


1(^3 


¥xpeT .... 


14H) 1 


Blottn^ paper, wound 


1 


CompieaBed ditto . . 


l(r6 


ti^ 


21-0 1 


Coikcluaooal 


. 11-9 


Asbestos p^wr, wound 


1 


White pine cliaiooal . 


1 lZ-9 


tifilit ... 


21-7 1 


Anthracite coal poxder 


35-7 


Cork strips, bound on 


14-6 1 


Loom calcined mag- 




Straw rope, wound 


1 


nesia 


. 12-4 


spirally . . 


18-0 


Compressed calcined 


1 


Loose rice chaff . 


18-7 


magnesia. 


42-6 


Paste of fossil meal 






1 


with hair 


16-7 




• 13-7 


Paste of fossil meal 




CompiesBed caibonate 


1 


with asbotos . 


22-0 


of magnesia . 


15-4 


Loose bituminous coal 




Loose foffiil meal . . 


14-5 


ashes 


21-0 1 


Crowded fossil meal . 


15-7 


Loose anthracite coal 






Ground chalk (Paris 




ashes 


27-0 




white) . 


20-6 


Paste of clay and 






Dry plaster of Paris . 


30-9 


vegetable fibre 


30-9 




1 Fine asbestos 


49-0 









A man exercises more power with an ordinary pump handle than 
with a crank and handle. The power exerted by an ordinaryman in 
working a pump handle continuously must not be estimated above 
25 lbs. The suction and delivery pipes of pumps should not be less 
than one half the diameter of the barrels ; and if the length be great, 
they should be larger ; also with large pumps or pumps working fast 
it is well to have a greater proportion of pipe area (in some cases the 
pipe is made as large as the barrel). The suction pipe should also be 
larger than the delivery pipe, as in the suction pipe there is ooly the 
atmospheric pressure to overcome the friction, whereas in the delivery 
pipe tnere is the whole power of the pump. The following is a safe 
rule for the sizes of suction pipes. An advantage is gained by using 
a large suction pipe, even if the inlet of the pump be smaller than 
the pipe. 

Inch. Inch. Inch. Inch. Inch. Inch. Inch. 
Size of pump 2 2^ 3 3f 4 5 6 

- - - - 2 2 2i 3 4 



Sice of suction 1^ 11 



PUMPS. 



185 



These sizes hold good for doable pumps, as each barrel draws 
alternately, and therefore the pipe need not be increased in size. In 
laying a long length of suction pipe make sure that it falls along its 
whole length from the pump towards the well. If there is any point 
higher than the pump end of the pipe it will form a pocket or trap 
from which it will be very difficult to draw the air. It is always 
desirable to have a foot valve in the suction pipe to retain the water 
when the pump is standing. To avoid concussion and equalise the 
working of the pump it is well to place a vacuum vessel on the pipe 
just before it enters the pump. 

Formula for calculating the power required to raise water : — 

Gallons per minute x height in feet 
^^ horse-power 

Add for friction according to the machinery used and length of piping. 

Capacities of Pumps. 



Dia- 


ArAfl. ill 


Displacement 
in Gallons per 
Foot of Travel. 


Dia- 


ArAfi. 


Displacement 


meter. 
Inches. 


Inches. 


meter. 
Inches. 


in Inches. 


in Gallons per 
Foot of Travel. 


i 


•0129 


•0005 


H 


14-18 


-6125 


i 


•0490 


•0021 


H 


15-90 


•6868 


i 


•1104 


•0047 


4i 


17-72 


•7655 


i 


•1963 


•0084 


5 


19-63 


•8480 


i 


•3068 


•0132 


H 


21-54 


•9348 


i 


•4417 


•0190 


5i 


23-75 


1^026 


i 


•6018 


•0259 


5f 


2696 


1121 




•7854 


-0339 


6 


28-27 


1-221 


n 


•9940 


•0429 


6i 


30-67 


1-325 


H 


1-227 


•0530 


H 


3318 


1-433 


If 


1-484 


•0641 


6i 


35^78 


1^545 


1* 


1^767 


•0763 


7 


38-48 


1-662 


ii 


2-073 


•0895 


7i 


41-28 


1-783 


1* 


2-405 


•1038 


H 


44-17 


1-908 


11 


2-761 


•1192 


7J 


4717 


2-037 


2 


8-141 


•1356 


8 


50-26 


2^171 


2i 


3-546 


•1531 


H 


53-45 


2^309 


2i 


3-970 


•1717 


8i 


56-74 


2451 


2f 


4-430 


•1913 


81 


60-13 


2-597 


2i 


4-908 


•2120 


9 


63-61 


2747 


2J 


5-411 


•2337 


9i 


67-20 


2^903 


2i 


5-939 


•2565 


H 


70-88 


3-062 ' 


2i 


6-491 


•2804 


9f 


74-66 


3-225 


3 


7068 


•3053 


10 


78-54 


3-393 


3i 


7-669 


•3313 


lOi 


82-51 


3664 


8i 


8-295 


•3683 


lOi 


86-59 


3^740 


3» 


8-946 


•3864 


lOi 


90-76 


3^920 


H 


9-621 


•4156 


11 


95-03 


4^106 


8* 


10-32 


•4458 


Hi 


99-40 


4^294 


3J 


11-04 


•4769 


IH 


103-8 


4^484 


H 


11-79 


•5193 


Hi 


108^4 


4^682 


4 


12-56 


•5426 


12 


1130 


4^881 
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The following rule shows how to determine the dimensions of tlie 
feed pump : — 

Let D = diameter of steam cylinder in inches. 

L = length of stroke up to point of cut-off in inches. 
g = stroke of pump. 
d = diameter of pump. 

V = volume of steam obtained from 1 cubic foot of water at 
the given pressure. 



Then d 






Force pumps should be twice the diameter of the pipes in connec- 
tion. 

Horse-power required to raise water equals quantity of water to 
be raised in gallons per minute X 10 X height to be lifted in feet 
divided by 33,000. Add ^ to } for losses by slip of valves and Motion. 

Table of Pedestal ProportionB. (Unwin.) 



Dia- 
meter of 
Journal. 
Inches. 



li 
2 

2i 
3 

H 

4 

5 

6 

7 

8 

9 
10 
12 



Length 

Bearing. 
Inches. 



Height 

to 
Centre. 



3 

H 

4 

5 

6 

7 

8 

9 
10 
11 
13 



2f 

H 
3| 

6 

7 

m 

Hi 



Diameter 
of Bolts 



Size of 

Bolt 

Holes. 



f 

1 

1* 
If 

Twoli 

n 
If 
If 



» 



» 



» 



IXl 

fxu 

1 Xl| 

Uxif 

liX2 

lfX2i 

Ux2i 

lfX2i 

lfX2i 

lJX2i 

2 X2f 
2fX3i 



Length 
of Base. 



11 

13i 

15^ 

17i 

20 

24 

28i 



Centres 


Centres 


of Cap 


of Base 


Bolts. 


Bolts. 


3i 


71 


4f 


9 


H 


m 


6i 


12| 


7 


Uf 


7* 


m 


n 


19J 


iif 


23| 


12i 


— 


14 


.— 


151 


— 


17i 


— 


21 


— 



Thick- 
ness of 
Step at 
Bottom. 



^ to «- 

13 j» f 
I? " re 

I "^ 
8 >J 5 

i ,,f 

9. IS 
IS » 19 

- f „l 

ii »i 
f „i 
* »ii 
1 ,,ii 



From seven inches upwards the pedestals have two bolts on each 
side, both in cap and base plate. 



Length of Engine Journals. 

The higher the speed the greater the length of journal required. 
At 150 revolutions per minute one diameter is sufficient ; at 1,500 
revolutions per minute 6 or 8 diameters are better. 

Coefficient of Frietion with Dry Sur&oes. 

Metal on metal O'lS to 020 
Wood „ ., 0-25 to 0-30 



5» 



Millboard 



5J 



0.20 
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When polished steel moves on steel or pewter properly oiled the 
friction is about ^ of its weight ; on copper or lead {, on brass i. 

Metals working on same metals give more friction than when on 
different metals. 

3 /p y^ I 

Diameter of engine crank shafts = — = — 

xL 

P = pressure of steam on piston. 

I = length of crank in feet. 

E=:80 for iron, 120 for steel. 

Safe Speed for Flywheels. 

Maximum safe circumferential velocity of cast iron flywheels is 
80 feet per second. Speed should not exceed in revolutions per 
minute 

1530 

mean diameter in feet. 

Width of Bim of Pulley for Belts of Varioos Widths. (Unwin.) 

lus. Ins. Ins. Ins. Ins. Ins. Ins. Ins. 

Width Of belt 2 5 4 568 10 12 

Width of pulley 2f 3J 5 6 7J 9^ llf 14 

Thickness of edge of rim equals 0*7 thickness of belt + '005 times the 
diameter of pulley. 

Radius of rim face equals 3 times to 5 times the breadth of rim. 

Diameter of pulleys should not be less than 6 to 8 times the dia- 
meter of a wrought iron shaft suitable for transmitting the power 
transferred to the belt, and the diameter of the smaller of two pulleys 
should not be less than about 18 times the belt thickness. 

Breaking weight of machine belting, leather, per square inch 
equals 1*9 tons. 
^ Leather hose and driving belts for machinery treated with castor 
oil have been found to last longer, and when impregnated will not 
slip. A S-inch belt treated with castor oil equals a 4^-inch belt 
without oil, and will last more than twice as long. 

Proportion of Teeth of Wheels. 



Depth — pitch x '75 


Thickness pitch x -45 


Working depth „ x '70 


Width of space — „ x -55 


Clearance = „ x "05 


Play = „ X -10 



Length beyond pitch line = pitch x *35. 

Common Proportion of Keys. (Unwin.) 

Diameter of eye of wheel or boss of shaft = d 
Width ot kej=b = \d + ^ 
Mean thickness of sunk key =zt = id+ I 
„ „ key in flat = ti= i^ + ^ 
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In toothed wheels T. of tooth = '48 pitch. 
Width of space := '3 pitch. 
Height above pitch line = '3 pitch. 
Depth below pitch line = '4 pitch. 

A good new leather belt has a tenacity of from 3,000 to 5,000 IbSc 
per square inch of section. 

Coefficient of friction is about '423 between ordinary belting and 
cast iron pulleys. 

If leather belting has a tenacity of 1,000 ibs. per inch of width the 
strength of a riveted joint may be taken at 400 lbs., a butt-laced 
joint at 250 lbs., and an ordinary overlapped laced joint at 470 lbs. 

Effective working stress of ordinary single belts 50 lbs. 

light double 70 

heavy double „ 90 









if 



II 



f> 



Diameter of pulley should be more than 100 times the thickness of 
the belts around it. Katio between two pulleys ought not to exoeed 
6 to 1. Convexity of pulleys equals J inch per foot in width. 

Centrifugal action on belts may be ignored at ordinary speeds up to 
3,000 feet per minute. 

Internal friction in ropes driving pulleys is the principal destructive 
agent. 

Breaking strain of good lopes = 4 tons per square inch. 
Working „ „ = 300 lbs. per square inch. 



Ropes should not be driven above 4,700 feet per minute. 

Cotton appears to be best for driving pulleys. 

It is said that belts should be made heavier and run more slowly 
than ordinary rules state to save cost in long run and prevent 
stoppages for relacing and repairing. At intervals of three months 
each belt •should be scraped clean and dubbed. 



Working 


Tension of Belts ( 


Leather). 








Thickness of Belt 
(in Inches) . . 

Tension in Lbs. 
pgr Inch Width 


60 


70 


i 
80 


100 


f 
120 


140 


160 


180 


200 


220 


1 
240 




Sir 


igle. 




Double. 1 



tJsaal Proportions. 



Width of Belt (in Inches) . 


2 


3 


4 


6 


8 


10 


12 


15 


Thickness (Inch) . . . . 


0-14 


•17 


•20 


•24 


•28 


•32 


•35 


•39 


Working Tension in Lbs. 


















per Inch of Width . . 


45 


65 


64 


78 


90 


101 110 


124 



ROPE OBARIKO. 



Hon»-pe«eT of dUTarent itiad KanilU Bop«i at diffsrsnt ipe 

WorkJng stress = j^th, breaking stress = j^th strei^h of splice 



I- 

a 

f 

•s 
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Widtk af Belti IB iMhM 



1 r^VMi*7 






TV Hor«^-pr>ver Tnosmitted is 1 


1 i 


t 


3 


4 


s 


• 71 


10 1 15 


ao 


25 1 


1 


15-7 


31-4 


47-0 


"63-0 




• 
i 








1 


2| 


6-3 


10-*; 


lJ*->< 


25-2 


31-2 


■46-8 








1 


5 


3-1 


6-3 


9^4 


' 12-6 


156 


"23-6 


31-4 


47-2 




1 


7J 


2-1 


4-2 


63 


8-4 


104 


15-6 


21-0 


31-2 


42^ 


52-4 1 


10 


1-5 


3-2 


4-7 


6-4 


7-> 


■ 11-8 


15-7 


23-6 


31-4 


39-2 1 


12J 


1-3 


2-5 


3-7 


5-0 


6-4 


9-4 


12-6 


18-8 


25-2 


31-2 1 


15 


1-1 


21 


31 


4-2 


5-2 


7-8 


10-5 


15-6 


21-0 


26-2 1 


20 


•79 


1-6 


2-4 


3-2 


3-9 


5-9 


7-9 11-7 


15-7 


19-6 1 


25 


-63 


1-3 


1-9 


2-6 


3-1 


4-7 


6-3 


9-4 


12-6 


15-6 




30 




11 


1-6 


2-2 


2-6 


3-9 


5-2 


7-8 


10-5 


131 




35 






1-3 


1-7 


22 


3-4 


4-5 


6-8 


9-0 


11-2 




40 








1-5 


2-0 


2-9 


3-9 


fi-9 


7-8 


9-8 




45 










1*8 


2-6 


3-5 


5-2 


70 


8-8 




50 










1-6 


2-4 


3-2 


4-7 


6-3 


7-8 




60 










1-3 


2-0 


2-6 


3-9 


5-2 


6-5 




70 










11 


1-7 


2-2 


3-4 


4-5 


6-6 




80 












1-5 


2-0 


2-9 


3-9 


4-9 




90 












1-3 


1-8 


2-6 


3-5 


4-4 




100 






1 






1-2 


1-6 


2-4 


31 


3-9 





Thickness of belt — ^ inch. 



(Unwin.) 



Kodem 0aa Engines. 

Compression of charge = 89 to 90 lbs. per square inch. 

Initial pressure at moment of explosion = 300 lbs. per square inch. 

Consumption per effective horse-power = 16*48 cubic feet. 

Actual efficiency := 28*26 per cent. 

Mechanical efficiency = 86 per cent. 

Fuel consumption per I.H.P. = 0*8 lb. anthracite coaL 

Gai Engines. — The consumption of gas is now under 16^ cubic feet 
per horse-power. The governors of gas engines control the valve 
that admits gas to the cylinder. When the speed is low gas is 
admitted, and an explosion puts new energy into the flywheel ; 
when the speed is high, no gas is let in and no explosion takes place. 
Ignition is chiefly by means of a Bunsen flame in England, and by 
electric spark on the Continent. 

In the " Otto ^ cycle gas engines the gas and air are drawn in by a 
forward motion of the piston, on the return stroke it is compressed, 
at the commencement of the next forward stroke it is ignited and the 
piston is moved forward, the return stroke expelling the products of 
combustion. 

Modem gas engines of best type compress the charge to from 40 
to 60 lbs. per square inch before ignition. 
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Mean effective pressnie in " Otto " cycle gas engines :^ 50 to 60 lbs. 
per square inch. 

Ghts engines of 100 brake horse-power and upwards are now made to 
consume not more than 20 cubic feet of town gas per horse-power 
per hour at full load. 

Experiments made show that the deleterious effect of burnt gases 
is much overrated in the case of coal gas products in gas engines. 
(F. Grover.) 

Consumption per brake horse-power per hour at half load with 
gas or steam engines is about 40 per cent, more than at full load. 



Gas Engines. 






Cubic Feet Gas 


B.H.P. 


per B.H.P. Hoar. 


Simplex . . 8*79 . 


. 20-88 


Atkinson Cycle . . 4*89 


. . 22-6 


Forward . 4*8 . 


. 23-97 


Otto Crosslej . . . 14-7 


. . 241 


Atkinson's Differential 26 


. 25-7 


Griffin .... 12-5 


. . 28-5 


Clerk's Eugiiij . . 7*2 . 


. 30-4 



Horse-power of Gas Engine. — The indicated horse-power is equal 
to the mean effective pressure in pounds per square inch multiplied 
by the length of the stroke in feet by the area of the piston in square 
inches and by the number of explosions per minute, and divided by 
33,000. 

Gas engine diagrams prove that the rise in pressure which takes 
place in the gas engine through the gas exploding at the dead point 
relatively slowly is not more rapid than that which occurs on the 
admission of high-pressure steam to the steam cylinder. 

Mechanical efficiency of a gas engine, about 80 to 85 per cent. 

Gas engines can be run to within 3 to 4 per cent, of the normal 
rate. 

Temperature in cylinder of gas engines, 2,500° F. to 3,000° F. 

The work expended in compressing gas does not increase pro- 
portionally with the pressure, but is relatively much less with high 
pressures. 

Average gas, 1 to 8 to 12 of air in gas engine. 

Only 2^ times the power is needed to increase a pressure of 10 
atmospheres tenfold — ?.<?., to raise it to 100 atmospheres. 

A good steam engine develops one I.H.P. per kilogramme coal of a 
calorific power of 8,500 calories. 

A cubic metre of gas develops 5,300 calories, and one I.H.P. in a gas 
engine with a thermal duty of 50 per cent, in favour of the gas engine. 
(Hirsh.) 

Exhaust pipes from gas engines should have easy bends. 

At ordinary atmospheric pressure and temperature mixtures of gas 
and air will not ignite explosively, if at all, when the air amounts to 
about fourteen times the bulk of a given quantity of gas, and similarly 
the mixtures will not ignite explosively if too mu<£ gas be present. 
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One pound of a mixture of oxygen and coal gas in the proportions 
required for complete combustion would upon ignition develop aboat 
the same energy as 3^ lbs. of gunpowder. 

With coal gas at Ss. per 1,000 cubic feet and coal at 15#. per ton 
the gas engine consuming 20 feet per I.H.P. per hour = a steam 
engine consuming 9 lbs. of coal per I. H.P.per hour. (T. L. Millar.) 

With lighting gas the cost of running large gas engines is about tke 
same as for steam engines, lighting gas being much dearer than 
generator gas for power purposes, especially for engines above 12 H.P. 

Qsa consumption in Dessau tramcars worked by gas engines = 31 "2 
cubic feet per mile run, including loss in compression, which is very 
little. (Herr von Oechelhauser.) 

Gas Engines for Tramears. — An 8 H.P. engine (Otto type) : charge 
of compressors = 8 miles supply, cost = Id, per mile for gas. 

From 4 to 6 gallons water are required per I.H.P. to cool gas engine 
cylinders. 

In cooling the cylinders of gas engines 35 per cent, of the thermal 
units in the gas are lost. 

Capacity of circulating tanks should equal 23 to 30 gallons per 
I.H.P. 

To Find Sise of Dry Keter for Oas Engines. 

Brake horse-power x 3*4 -f- ^ ^ number of lights. 
The size of supply pipe to engine can be found by reference to table 
of meter dimensions. 

To Find Size of Exhaust Pipe. 

From 1 to 5 brake horse-power, 1 inch to If inches diameter. 

Above that size, diameter in inches = 0*528 X H.P.^'". 

The heat of exhaust pipes is great, and likely to bum wood if too 
near. Bends of 6 inches or more radius only should be used ; no 
elbows or tees. Turn the outlet of the pipe to look downwards. 

To Preyent SzceBsive IToiBO in Exhaust Pipe. 

The pipe can be carried into a drained pit and surrounded with 
stones, over which a covering of straw can be placed. 

Quantity of Water Beq[uired for Cooling Cylinder. 

About 5 gallons per I.H.P. per hour if taken direct from mains, 
and led to under side of jacket at clearance end of cylinder, and 
removed from upper side at the opposite end. If hard water is used, 
add a handful of washing soda to tank every month. 

Circulating Tank's Capacity. 

Twenty to 30 gallons per I.H.P. with pipes from 1 inch to 3 inches 
diameter, according to size of engine. The return pipe is usually n 
little larger than the flow, with a rise of at least 2 inches per foot 
leading to the tank at the normal water level. 
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Value of Ezplosive Mixtures. (Dugald Clerk.) 



Mixture. 


Maximum Pressure 

of Explosion above 

Atmosphere in lbs. 

per Square Inch. 


Time of EzplotiioQ. 


Gas. 


Air. 


1 vol. 

^ >» 
•^ It 


13 vols. 

11 ,, 
9 ,, 
7 „ 
5 „ 


52 
63 
69 
89 
96 


0*28 second. 
0-18 „ 
0-13 „ 
0-07 „ 
006 „ 



Temperatare before explosion, 64° F. Pressure before explosion, 
atmospheric. 

Examine the ignition tube occasionally to see that no soot has 
been deposited by the Bunsen flame. 

Before starting compress the gas bag and then turn on gas, turning 
the engine meanwhile to remove the air which may have accumulated 
in the gaspipes. 

To stop the engine shut the gas-cock near cylinder — not at the 
meter. 

The ratio of heat converted into work in a gas engine is greater 
than in a steam engine. 

Average heat units lost in the jacket or cooling water, 35 per cent. 

„ „ „ exhaust, 37 per cent. 



j> 
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Otto or Tour-Cyole Oas Engines. — An explosion takes place every 
four strokes, or one per double revolution of the crank shaft, viz., 
piston advances, drawing in the explosive charge ; it then returns, 
compressing the mixture ; next ignition takes place, the piston is 
driven forward, and on retiring finally expels the waste products of 
combustion. 

The consumption of ordinary illuminating gas in modem gas 
engines equals from 20 to 26 cubic feet per I.H.P. per hour for 
moderate to small powers, and for larger powers 18 to as low as 15 
cubic feet has been obtained, and with the compound type as low 
as 10. This, if supplied with Dowson gas, means ozUy *8 lbs. of coal per 
I.H.P. per hour. The mechanical eflSciency may be taken as from 
80 to 86 per cent, at full power, and from 70 to 75 per cent, at half 
power. 

Messrs. Crossley state that with town gas at 3«. per 1,000 the 
working cost of a gas engine of 14 horse-power nominal and up- 
wards is greater than that of a steam engine. 

It has been proved that by scavenging the power of a gas engine 
can be increas^ 10 per cent., or the consumption of gas reduced, 
keeping the power the same. 

With coal gas it is a moot point if the products of combustion hurt 
the next charge in gas engines. 

Gas engines are most economical at full power. 

G.B. O 



</ 



194 



GAS BNGINEER's POCKET-BOOK. 



A speed test made with a Moscrop recorder on a single-cylinder 
double-acting '* Kilmarnock *' Otto cycle engine showed a Tariation 
of 2\ per cent, at powers varying from normal full load down to 
one third. 

Value of Coal Gas of Different Candle Powers lor XotlYe Power. 

(C. Hunt.) 



Candle Power. 


Consumption Cubic 
Feet per I.H.P. 


Relative Value for 
Motive Power. 


Relative Value for 
Lighting. 


11-96 


30-31 


1000 


lOOO 


1500 


24-41 


1-241 


1-254 


17-20 


22-70 


1-335 


1-488 


22-85 


17-73 


1-709 


1-910 


2600 


16-26 


1-864 


2173 


2914 


15-00 


2020 


2-436 



Oil Engines. 

The oil consumed per hour equals from '7 lb. with American oil 
to -86 lb. with Russian per indicated horse-power. 

A Priestman oil engine, using oil above 75° F. flashing point, 
developed 1 brake horse-power per 1-26 lb. oil. (W. Anderson.) 

In a Prieitman oil engine tested by Professor Unwin — 

•69 and -86 lb. oil used per I.H.P. 



•84 



)} 



•94 



» 
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B.H.P. 



Thermal efficiency 13-31 per cent. Loss of heat in cooling water 
47-54 per cent. Mechanical efficiency 82 to 91 per cent. Loss of 
heat in exhaust gases 26-72 per cent. 



To find Leaks in connections under Suction. 

By fixing a small governor on the byepass of the exhauster, 
weighted to 2 inches, a pressure will be thrown on the plant up 
to the hydraulic, any leaks showing themselves and explosions 
prevented. 
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8CBUBBEBS AKD WASHSBS. 

Herr Beiftner's Bule.— 5 cubio feet to 6 cubic feet per 1,000 cubic 
feet per 24 hours of scrubbers. 

Wjatt's Bule. — 100 cubic feet internal capacity of vessels (scrubbers 
and washers) with a gas contact of from 15 to 27 minutes per ton 
per diem. Gas in scrubbers should equal 1 per cent, of the maximum 
daily make to give requisite contact time. 

Horizontal net sectional area of all the scrubbers is 2 square feet 
per ton per day maximum make. 

Capacity of scrubbers should be 15 cubic feet per 1,000 feet of gas 
per diem, the vessel being one third the diameter of its height. 
(Bichards.) 

Another Eule. — Scrubbers should be equal to allowing a contact 
for 10 to 15 minutes of greatest make. Height is an advantage, so 
that the gas may be easier broken up and wetted surfaces presented. 

Tower scrubbers usually 6 or 7 times the diameter high. 

Scrubbers should be cylindrical. Height equal to 6 or 7 times 
the diameter. Capacity equal to 9 cubic feet per 1,000 cubic feet 
per diem maximum make. (Herri Dg.) 

Hewbigging's Bule for tower scrubbers, 9 cubic feet per 1,000 cubic 
feet gas made per day. 

The washer or scrubber wherein the gas is broken up into small 
streams passing in contact with wetted surfaces is preferable to that 
in which the water is divided into small drops and which fall through 
the gas, as the bulk of the gas is at least 100 times, and more often 
1,000 times, that of the liquid. 

A good scrubber should so distribute the water or liquor that the 
whole of the surfaces exposed to the gas in its passage should be 
evenly wetted, with length of contact and such contact ensured. 

The use of a washer requiring a separate engine must be compared 
with the extra cost of the fuel required, in one throwing some 3 or 
4 inches pressure upon the exhauster. 

Scrubbers filled with coke will collect tar and cause a lowering of 
illuminating power by absorption of light-giving hydrocarbons. 

When coke is used in a tower scrubber a space of 6 inches is 
usually left above each layer before the next tier of sieves. 



Awrage Surface preiented to Oai in Scrubbers. 

When filled with coke . . . '3 or SJsq. feet per cubic foot. 
„ „ 3-inch drain pipes -54 „ 17 „ „ „ 
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Spmbber Boards should be ^ inch thick with | inch or i inch space 
between. 

Boards 11 inches deep, ^ inch thick, set 2 ^nc^ apart, are used in 
tower Bcrabbers with success. 
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Ten Toliimef «f water at 00° 7. and 80 IboIlm praMnre will 
absorb — 

7,800 Yolumes ammonia. 

25'3 ,, sulphuretted hydrogen. 

10*0 ., carbonic add. 

1*25 „ olefiant gas and probably other hydrocarbons. 

•37 „ oxygen. 

'156 „ carbonic oxide. 

'156 „ nitrogen. 

'156 „ hydrqe^en. 

'160 ,f light carburetted hydrogen. 

When water has been saturated with one gas and is exposed to 
the influence of a second it usually allows part of the first absorbed 
to escape, while an equivalent quantity of the second takes its place. 

Thus a large volume of an easily soluble gas can be expelled by a 
small quantity of a difficultly soluble one. (Dr. Frankland.) 

Liquor distributers sometimes fixed half way up scrubbers where 
only one scrubber is in use. 

The whole of the ammonia can be removed from the gas in practical 
working by using 3 gallons water per ton of coal carbonised, and the 
quantity of NH, per 1,000 cubic feet need not exceed *3 to *4 grains 
at the outlet of the clean scrubber. 

Quantity of water required in tower scrubbers from 10 to 18 gallons 
per 10,000 cubic feet gas made. 

When more than one washer is used the liquor should be made to 
flow from the one the gas enters last through to the first, so that the 
gas meets the stronger liquor first. 

Provide byepasses to all the different parts of the works. 

Washers. 

About 28 gallons of liquor of 10 oz. strength can be obtained from 
1 ton Newcastle coal. 
Reaction of cyanides (Prussian blue) : — 

6NH^N + FeSO^ = (NH.). Fe(CN)- + (NH. )aSOx 
3ra^Fe(CN)e + 2FeaCle = 3Fe''Cya,2Fe'' ^(Jj^ 
orFcyCyig + 12AmCL 

Pressure thrown by washers varies from 1 to 4 inches. 
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FTTBIFIEBS. 

In fixing npon size of purifiers note should be taken of the quality 
of coal likely to be used for manufacturing gas. Some Midland coals 
produce gas containing nearly double the amount of H^S which is to 
be found in Newcastle coal. Have the purifiers large enough is an 
excellent rule, 

Scotch coals produce large quantities GO^, 

Clegg'B Bule for Area of Purifiers. — 1 foot area per 3,600 cubic feet, 
maximum make, per diem. 

Hughe 't' Bnle for Area of Purifiers.— 1 square yard sieve per 1,000 
subic feet, maximum make, per diem. 

Kewbigging's Bule for Area of Purifiers. 

Maximum daily make x 6 , , , .« 
1000 ^^ square feet area each punfier. 

Kewbigging's Bule for Area of Purifiers Connections. 



Inches, diameter = A^area of purifiers in feet 

For large purifiers deduct one-eighth. 

Beckton practice : 1 square foot of purifier area per 2,500 cubic 
feet made per diem. 

Allow, say, 1 square yard of active grid per 1,000 feetof gas per day. 

Sulphur purification requires for 2,000,000 plant 8 boxes 32 feet x 32 
feet X 6 feet deep, with 4 trays for lime and 3 for oxide = 1 cubic foot 
contents of each purifier per each 376 cubic feet per diem. (A. Colson.J 

Purifying shed for above, 320 feet x 60 feet. CA. Colson.) 

Bate of passage of gas through lime purifiers should not exceed 
2,000 cubic feet per foot of surface per 24 hours. (G. Anderson.) 

Purifiers (where lime only is used and no sulphur clauses) should 
allow a contact of 15 minutes of greatest make, or cubical contents 
= I hour's make,, with 5 tiers lime, each 2^ inches thick. 

C. Hunt's Bule for Ares of Each Purifier in a series is not less than 
0*1 square foot for every i per cent, by volume of the maximum 
quantity of COj, experienced. COj, varies from IJ to over 3 per 
oent. 

Lime and oxide purifiers when worked in conjunction require from 
20 to 30 square feet per ton. (C. Hunt.) 

G. C. Trewby's Bule.— 320 feet for each vessel per 1,000,000 cubic 
feet of daily manufacture. 

Four feet area per box per ton of coal carbonised per day with 6 
purifiers in the series, 4 for lime and 2 (catch) for oxide. (F. Livesey.) 

Wyatt's Bule.— 100 superficial feet of sieves per ton per day 1,620 
cubic feet to house the purifiers with a floor area of 50 square feet per 
ton per diem, 133 cubic feet total capacity of vessels, gas contact of 
15 to 27 minutes, area of covers of purifiers 3 square feet per ton per 
diem. 
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Lime and oxide sheds : 810 cubic feet of building stracture floors 
area of 25 square feet per ton per diem. 

Wyatt'i Bule.— 33 cubic feet or 50 superficial feet per ton per day, 
contact time 5 to 8 minutes. 

The useful surface for passage of gas should be jrd the volume of 
the oxide, time of contact 48 seconds, bulk should equal -^th of the 
gas passed per hour, with 1 layer 24 inches thick ; material showed 
15*65 per cent, total sulphur and 11*75 per cent, free sulphur, while 
with 4 layers each 6 inches thick it showed 14*96 and 9*03 per cent, 
respectively. (Messrs. Delseaux and Renard.) 

In the Beckton method of 8 purifiers an area of 0*4 foot per 1,000 
cubic feet of gas per vessel is suflScient. (L. T. "Wright.) 

Allow half a square foot per 1,000 cubic feet maximum daily make 
for area of each purifier. (Herring.) 

Purifying surface may range from 1*3 to 4 square feet per 1,000 
cubic feet gas per day. 

Area of each purifier should equal 676 square feet per million per day. 

Speed of gas through purifiers should be as slow as possible. 

Herr AeiBBner's Bule. — Purifiers. Five trays with oxide in each, 
1*17 square feet area per'1,000 cubic feet in 24 hours if 4 purifiers, 
all included in above. Catch purifier vrith 4 to 6 trays sawdust. 

Use purifiers of large area : with lime, 2 to 4 tiers of sieves with 
layer of lime 6 to 9 inches thick ; with oxide, 2 or 3 tiers of sieves 
with layer of oxide" 18 inches deep on each. 

FoxifierB (construction notes). — Thickness of cast iron purifier 
plates should never be less than | inch. The usual width of same 
5 feet. Flanges of bottom plates should be 2f inches x |» inch over 
and above the thickness of plate. 

Strong and deep brackets should be fixed under lute, as strain is 
greatest at this point. (F. S. Cripps.) 

Cast iron plates for purifiers, if made larger than 5 feet by 5 feet, 
are liable to twist in casting. Flanges should not be less than 3 inches 
deep, and thickness about | inch to | inch ; plates i inch thinner. 

Depth of water lute in purifiers varies from 12 inches in small 
purifiers to 30 Inches in larger ones ; width from 4^ inches to 
8 inches. 

Seals of purifiers should never be less than 18 inches deep. 

Diameter in inches of pipes in connections to purifiers should equal 
the square root of area of purifiers in feet. 



Arrangements of Purifier Connections. (Dempster.) 
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FUngfet of pnrifier plates should be planed (not neoessarily the 
whole width, a strip | inch or | incb wide each side and at ends 
being sufficient), a layer of vulcan cement or red and white lead being 
put into the joint before it is bolted up. The alternative method is to 
nave a fillet cast on inside of flange and the joint caulked with iron 
borinffs and sal-ammoniac and sulphur. 

It is usual to keep purifiers and gasholders away from retort 
houses to avoid chances of lighting up at escapes or explosions. 

Fastenings to purifiers should be strong enough to resist pressure, 
equal to a column of water the height of the depth of lute, upon the 
whole area of the cover, the weight of cover causing the gas to blow 
***«» water from the lute. 
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Valres or ground plugs should be provided for permitting the air 
to enter while the cover is lifted, and should at least equal one-third 
the diameter of the connections to the purifiers. 

Side sheets of purifier covers should be made thicker than the top 
sheetSf as the level of the surface of the water is where the plates 
wiU first rust. 

Crown sheets may be of No. 12 Birmingham wire gauge. 

Purifiers in. the open can be kept warm in winter by the use of hay 
or straw, and cool in summer by spraying water over the covers. 

If the top of the purifiers are kept 18 inches above ground the 
material can be easily removed and wheeled in. 

Lifting of purifiers is best done by straps at the sides of the covers. 

Purifier sieves usually made 2 inches thick with f-ioch taper deal 
bars, and distance blocks, oak side strips IJ inch by 2 inches, and 
fastened by f -inch bolts or rivets. 

Usual thickness of layers. — Oxide, 2 feet 6 inches deep ; lime, 1 foot 
deep. 

About 70 lbs. quicklime will remove COg per 1 ton coal. 

Oxide heated to 70° C. revivifies easier. 

Lime should be sulphided below 40° F. 

135 gallons water required per cubic yard dry lime, making 2i yards 
slaked material. 

One cubic yard kiln lime weighs 11 cwts. 

Mr. W. King has erected a purifier house without valves — U tubes, 
which can be filled with water to prevent the passage of the gas, being 
used. 

The Clans Ammonia Process of Purification. — The gas, having passed 
through a tar extractor, is then passed through several scrubbers filled 
with broken ganister bricks, and here meets ammonia gas, and in 
the first two scrubbers ammoniacal liquor freed from 00^ and H^S, 
the gas being entirely freed in its passage from CO^ and H^S, 
while of ammonia there remains at the outlet of the last scrubber 
only the usual faint traces, and the bisulphide of carbon is reduced by 
from 20 to 70 per cent. Arrangements are made that in 5 towers the 
scrubber liquor is heated to a carefully regulated temperature for the 
purpose of driving off the CO^ and H^S with as little loss as possible 
of ammonia. It is then passed through 3 more towers, in the 
second of which it is exposed to free steam, which deprives it of all 
traces of COg and H^S, and also of all ammonia, except what may 
be present as fixed in the form of sulphocyanide of ammonium ; in 
the third tower the hot vapours (187°) are condensed ,to 120° or less, 
and are then ready for use again to remove the impurities. All the 
sulphur gases driven off from the liquor are deposited In a chamber 
in the form of pure sulphur, equal to from 10 lbs. to 14 lbs. per ton of 
coal used. 
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GASHOLDER TAKKS. 

As a general rule the bearing capacity of ground 30 or 40 feet below 
the surface is greater than at the surface itself, but in all cases bore- 
holes shoidd he made to see that the solid ground upon -which it is 
proposed to lay the bottom of the tank is fairly level, and that it is of 
sufficient depth. In some cases the strata of, say, ballast, which -would 
safely carry the tank walls, &c., have been cut through, or nearly so, 
and when the tank has been completed the level of the walls 
has varied considerably. 

The larger the number of the borings taken around a proposed gas- 
holder tank site the better to ensure that the foundation is level and 
equally weight-resisting. 

If any doubts exist as to the solidity of the ground where the tank 
IS proposed to be placed it is better to put up an iron or steel one, 
which may be made to rest on piles and cross timbers. 

It is often better to raise the level of the wall of the tank when 
water is found in the subsoil which may afterwards injure the nature 
of the foundation. 

For tanks up to 36 feet deep and inside diameters of 150 feet : 

^th the depth of tank = thickness of concrete walls. 
Jth „ „ = „ piers. 

Jth „ „ = width of piers. 

(Wyatt, 30th April, 1889.) 

The well or sump which is sunk before commencing a tank may be 
lined with steining (open brickwork without mortar), or merely 
timbered with stout timbers if it is proposed to fill up the sump when 
the tank is completed. In some cases large pipes (cast iron) have 
been let in as the excavation proceeded, without jointing, and thus 
formed an excellent backing to prevent the sides falling in. 

The sump should be at least 3 to 5 feet deeper than the lowest part 
of the excavation to be made for the tank ; often a considerable 
amount deeper will lessen the after expense with tanks in bad 
ground. 

Sometimes more than one sump is found necessary, or drain pipes 
have to be laid to convey the water to the pumps, which should 
always be in duplicate. 

Katural Slopes of Earths with the Horizontal Line or 

Angles of Repose. 



Gravel average . 
Dry sand average . 
Sand average . 
Vegetable earth average 
Compact earth average 
Shingle average . 
Bubble average • 
Clay, well dried, average 
Clay, wet, average . 
Peat average • 
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degrees 


or 1-2 to 1 


38 




or 1-30 to 1 


22 




or 0-27 to 1 


28 




or 1-89 to 1 
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or 0-7 to 1 


39 




or 1-25 to 1 


45 




or 10 to 1 


45 




or 1-0 to 1 


16 




or 3-3 to 1 


28 




or 1-89 to 1 
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General Tank Notes. 

An Iron or f teel Tank saves excavation and expenditure on 
foundations in many cases. 

Steel tanks should be well grouted in, in many places, when 
lowered on to their bed. 

Steel tanks require more maintenance than stone or brick ones, 
and more steam for preventing freezing of the water during frosty 
weather. 

Cost of a steel tank usually one-hal£ to two-thirds that of an 
excavated brick or concrete one. 

Cost of steel tanks about 3-3<£. to Z'Td, per cubic foot capacity. 

Cost of brickwork tanks about 4*4^. to 5*9<?. per cubic foot capacity. 

The plates in the bottom row of a 60 feet deep X 190 feet 
diameter tank have been made If inch thick X 4 feet 4 inches 
wide X 24 feet 9 inches long. 

It is usual to put the flanges of cast iron tank bottom plates inside 
and the flanges of the side plates outside. 

Tanks may with advantage be left large enough to allow of an 
extra lift when being flrst designed and laid out, although it may 
not be at the moment required. 

The larger the volume of water in a tank the less the liability to 
freeze. 

Thieknesfl of Tank Walls at any point in inches =: 

Pressure of water (pounds per square inch) X radius of tank in inches 
Cohesive force of wall in pounds per square inch - pressure of water. 

Force of water tending to burst a tank outwards ^ 62*5 x 
diameter of tank x j (depth). 

Pressure on wall of tank due to earth backing therefore equals 
resistance of earth x outside diameter of tank X i (depth^). 

Besistance of the weight of wall equals half the cubic contents of 
the wall in feet X weight of 1 cubic foot of the wall. 

Resistance of the cohesion of the material of the wall equals 
cohesive force X height^ x average thickness of wall. 

Cohesive force of bricks in cement 1 (cement to 3 sand) equal 
to 31,680 lbs. per square foot. 

Besistance of earth backing dry equal to ^ an equal column of 
water. (Sir B. Baker.) 

Besistfuice of earth backing, water-logged, equal to 1^ an equal 
column of water. (Sir B. Baker.) 

Resistance of earth backing, clay or earth, equal to 1,200 lbs. per 
square foot. (Newbigglng.) 
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intimate Beiiitanoe of Loam Earth per Square Foot in IbB. — 

B. A. Teeti. 



Mean Depth of 

Anchorage below 

Surface. 

1 


Inclination of Force drawing the Anchorage (in a 
Direction perpendicular to its Face). 


Vertical. 


\ 


i 


i 


i 


1 foot 

1 foot 6 inches . . 

2 feet 

3 feet .... 

4 feet 

5 feet . . . . 


808 
1,040 
1,925 
3,024 
6,470 
14,112 


933 

1,458 
2,700 
4,400 
8,000 
22,000 


1,244 
2,100 
3,880 
5,860 
10,660 
29,330 


1,300 
2,180 
4,032 
6,160 
11,200 
30,800 


1,430 
2,360 
4,370 
6,750 
12,260 
33,730 



In damp sand the resistance would be half that in earth. 
A factor of safety in tank walls of 3 is ample. 

Betif tance of IMfferent Sarths to Horiiontal Compression. (M. Arson.) 

Sand 2,050 lbs. per square foot. 

Whitetufa(alight stony powder) 1,640 „ „ ,, „ 
Vegetable earth mixed with gravel 900 „ „ „ „ 

The earths were well watered and punned. 

The Backing to Gasholder Tank Walls should be well punned and 
watered to cause it to have direct pressure upon the wall, as cracks 
are almost invariably found in a vertical direction and only open a 
very slight distance, which would suggest that the walls have then 
taken up the support of the backing. 

Clay has often been known to sustain a pressure of water of 
15 lbs. per square inch, or about 1 ton per square foot. 

One cubic yard* puddle weighs about 2 tons. 

Puddle may be thrown from a height of 20 feet with advantage, 
but should not be laid in layers of more than 10 inches at a tine. 

Where clay is to be found upon the site it will probably be cheaper 
to construct a puddle tank than a rendered one. 

Puddle. — Work the clay well up with water to break up the 
original formation, and bring about a new arrangement of the 
particles, adding sufficient water to fill up every pore. 

If possible, expose the clay before tempering for a considerable 
time to the air. It should be opaque, not crystallised, with a dull 
earthy fracture, and exhale an argillaceous smell. 

Tenacity and power to retain water is the principal requirement. 
If a roll well worked up by hand to eight or ten times its thickness 
be suspended, while wet, by one end it should not break. It should 
retain its original quantity of water when formed into a basin and 
filled for 24 hours, if covered up to prevent evaporation. (W. Gallon.) 

Puddle should be put in in layers of not more than one foot, and 
should be thrown in with force to cause it to adhere to that already 
in. The top of the puddle should be carefully covered when any dirt 
is being put in to form a backing, as any grit in the puddle may cause 
a leak, owing to the grit preventing a thorough adherence of the two 
layers of puddle. 
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Paddle should be laid over the whole of the surface of the dnmpling 
and connected all round to that under and on the outside of the wall 
without any break. 

Brick tanks with f inch cement (neat), in two coats, can be made 
without puddle, and will prove quite tight. 

Should a leak show itself when the pumping has stopped for testing 
the soundness of the tanks stock-ramming may be employed to fill 
up the space where the leak occurs. In doing this a hole is first cut in 
the wall or floor of the tank and a pipe inserted down to the puddle 
level, and then cartridges of clay are put in the pipe and forced down 
with rammers. These latter are frequently made with the heads sj 
that several men can use their strength to ram the clay well into 
the hole. 

In puddled tanks the pressure of the water is thrown upon the 
puddle and earth backing, and not upon the wall itself, while with a 
cement-rendered tank the pressure is upon the wall. 

Hoop iron or thicker wrought iron bands are often imbedded in 
the cement of a tank wall, and considerably add to the strength. . They 
should be bent round and turned back at the ends, and laid so that 
they hook one into the other and form a continuous band. 

Where no backing is used to help Tank Sides to resist the pressure 
of Water the thickness of the Cylinder may be calcnlated as follows : — 

When the thickness is less than g^th the radius the thickness = 

Pressure in lbs. per square inch ,. ... 

• X radius in inches. 

Safe strength in lbs. per square inch 

This regards the material as only subjected to tensile strain. 

To find the Thickness at base of Wall to resist the overturning with 
the pressure of quiet water level with its top and no backing (wall 
with vertical back and sloping face) :<~ 

Thickness of base at foot = 
\Ht^ ft. X factor of safety*) + (batter a ft. X sp. gr. of wall) 

3 X sp. gr. of waU. 

^ * * f Required moment of stability of wall 

Factor of safety — Overturning moment of water. 

Where cylindrical hoops are placed around tanks, to find the 
distance apart at which they should be fixed to each to sustain the 
same strain — 

Fix upon the number of straps required then for the first, 

f jl X total No. of straps X depth of tank 

Total No. of straps 
= Distance from top of tank for 1st strap. 

For thesecond strap, J2 x total No. of straps X depth of tank 

Total No. of straps. 
=: Distance from top of tank for 2nd strap. 

And 80 on for each strap, substituting for the 1 and 2 in above 
f oimtdss the number of the strap from £e top. 
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To find the FroBsare of Water against a Tank SidOt 

Multiply the vertical depth in feet of its centre of gravity below 
the surface of the water x the area of surface pressed in square feet 
X 62*5 = pressure in lbs. 

The pressure of liqaids being always perpendicular to the surface 
at any point, if the wall be vertical the pressure is horizontal. 

The centre of pressure is always one third of the vertical depth 
from the bottom. 

Table showing the Fressnre in lbs. per Square Foot, and Fressare 
against a Flane 1 Foot Wide from Top to those Depths. 



Depth 


Pressure 


Pressiu^ 


Depth 


Pressure 


Pressure 


iu 


per 


on 


in 


per 


on 


Feet. 


Square Foot. 


Plane. 


Feet. 


Square Foot. 


Plane. 


1 


62 


31 


26 


1,625 


21,126 


2 


125 


126 


27 


1,687 


22,781 


8 


187 


281 


28 


1,750 


24,500 


4 


250 


500 


29 


1,812 


26,281 


5 


312 


781 


30 


1,875 


28,125 


6 


375 


1,125 


31 


1,937 


30,031 


7 


d37 


1,531 


32 


2,000 


32,000 


8 


500 


2,000 


33 


2,062 


34,031 


9 


562 


2,531 


34 


2,125 


36,125 


10 


625 


3,125 


35 


2,187 


38.281 


11 


687 


3,781 


36 


2,250 


40;500 


12 


750 


4,500 


37 


2,312 


42,781 


13 


812 


5,281 


38 


2,375 


45,125 


14 


875 


6,125 


39 


2,437 


47,531 


16 


937 


7,031 


40 


2,500 


50,000 


16 


1,000 


8,000 


41 


2,562 


52,531 


17 


1,062 


9,031 


42 


2,625 


55,125 


18 


1,126 


10,125 


43 


2,687 


57,781 


19 


1,187 


11,281 


44 


2,750 


60,500 


20 


1,250 


12,500 


45 


2,812 


63,281 


21 


1,312 


13,781 


46 


2.875 


66,125 


22 


1,375 


15,125 


47 


2,937 


69,031 


28 


1,437 


16,531 


48 


3,000 


72,000 


24 


1,500 


18,000 


49 


3,062 


75,031 


25 


1,562 


19,631 


50 


3,126 


78,125 



When water is pressing on each side of a wall at different levels 
the pressure at any point can be found by setting off at, say, each foot 
depth the pressure on the wall due to the one height of water and 
upon the other side the pressure due to the other height. Deducting 
the lesser pressure from the greater gives the pressure upon the wall. 

Example. — A wall 10 feet long has water to its full height, 5 feet 
on one side and 3 feet high on the other ; the pressures are as shown 
in fig. on next page. The excess of pressure on the high water side is 
always equal to the pressure on that portion of it at the low water level. 
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In eUanlating tlie Btrengtli of Tank Wall* the tank may be euppoaed 
to break in two haWes upon the aiU of the cjUnder ; the force tending 
to oj>en die two halves is the preseure of the water, and the opposing 
forces ure the backing, the cohesiTe natare of the material in the 
wall, and the weight of the n: 



The orerturnii^ moment of the water in lbs. ^ 62'5 X diameter of 
. . depth of tank" 



oxtemal diameter of wall y 



Moment of resistance due to cohesion = 30,700 X depth of tank' x 
thlckoeSB of waits. Dimonsions all iu feet. 

FTMinie due to Head of Water n 
form dumpling ia tank and cause le 
to presBures, page 201. 

uon bands are inserted in the concrete at East Greenwich tank of 
6 inctica X | inch flat iron, riveted to form complete rings, and 
placed 2 feet apart verticallj. 

A Water-tigrut Concrete can be made when two volumes of sand arc 
added to one of Portland cement, ground fine enough to allow nine- 
tenths to pass through a sieve with 14,400 meshes in each sqoare 
inch. A coaiser cement passing only three-fourths through the same 
sieve will not make a water-tight concrete when mixed with only one 
and a half times its volume of sand. 
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Factor of safety, Jth. Deduction tor rivet holes, 40 per c 
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When the first batch of concrete is mixed, the quantity of water 
per bushel of dry materials should be noted, and the same propor- 
tions held to with the other batches, uniformity in this respect being 
of the utmost importance. As much water should be added as wiU 
give a mixture that allows a man treading over it to sink in to a 
depth of at least 6 inches. No stones used for concrete should be 
larger than will pass through a mesh 2 inches square. Concrete 
should not be dropped or made to slide down a shoot, and inferen- 
tially it should be laid with a spade without a fall of any kind, and 
then it requires to be trodden down. 

Stout bars of flat iron laid into the walls of a concrete tank, and 
hooked together to form a compJete ring on edge are said to give 
great strength to the same. The expansion of iron and cement con- 
crete being nearly equal prevents fracture between the two materials. 

Firebrick rubbish and furnace clinkers form with sand or sharp 
grit excellent material for concrete. 

Concrete composed of 1 part cement to 10 or 12 coke breeze is 
porous. 

A good coat of asphalt will render a tank quite water-tight. 

A coating of hot asphalt and tar is also used to render cement 
tanks water-tight. 

Bendering is usually done with equal parts Portland cement and 
sand, and laid on from ^ inch to | inch thick, with a final layer of 
neat cement carefully trowelled on about J inch thick. 

French engineers usually specify a much greater thickness of 
cement and sand in equal parts, without the neat cement layer. 

Portland cement rendering usually made of 1 cement to 3 of 
well washed sand. 

External mouldings and linings to water tanks neat cement. 

A limple Bale to avoid loii in Capping is, when constructing, to 
make the tank measured from the rest-stones the full depth of the 
various lifts, plus a depth equal to the difference between the dis- 
placement of the inner and outer lifts, and add a margin of 3 
inches. 

Fompi for gasholders should be made with an outer casing to the 
bottom of the pipes to be pumped, so that the pump may be removed 
for repairs without an escape of gas. 

Tank, 114 feet x 31 feet deep, at Wellingborough, made with 
Portland cement concrete 7 to 1, and puddled at back, no rendering, 
concrete over dumpling (of clay) 6 inches thick. 

Wall of tank 123 feet diameter X 30 feet deep = 3 feet 6 inches 
thick at bottom to 2 feet thick at top. 

A cast iron tank 112 feet diameter x 25 feet deep has been erected, 
weighing about 500 tons. 

Concrete made with clinkers and broken firebricks and retorts said 
to be stronger in tension than if made all Thames ballast. 

Thicknesfl of Sheets of "^rouglit Iron for Tanks. 

Thickness ) , pressure in lb s, per square inch ^ radius in inches 
m inches J safe strength 

See diagram opposite. 
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eABHOIDSBS. 

General Notes. 

Mr. G. Livesey stated (1882) that 20Z. per 1,000 cubic foot capacity 
was a usual cost of gasholders of moderate size. 

Two holders of a^ut equal size should be provided in all works. 

When extending, holder capacity should be doubled by the 
addition of one holder of equal capacity to all the previous ones 
combined. 

Single lift holders should not be usea except for less than 10,000 
cubic feet capacity. 

diameter 
Height of lift should := j — 

Holders above 500,000 cubic feet capacity should be three lifts. 

When weight is required to give necessary pressure increase the 
thickness of sheets and cups. 

No necessity to break ]oint in side sheets, as load is much below 
the strength of the sheets. 

It should be borne in mind that the larger the sheets the less rivets 
are required, and the liability to leakage is reduced. 

The strain on top sheets diminishes in exact proportion to the rise, 
and is uniform throughout the top sheets. 

difljYiPtei* 
Usual rise ^ — sq — • Shape of dome equals segment of a sphere. 

With rise = — -- — , No. 11 Birmingham wire gauge sheets are 

sufficient up to, say, 176 feet diameter, but when larger. No. 10 sheets 
and an increased rise would be better. Rivets ^ inches diameter. 

The crown curb in trussed holders has not much work to do. 

The best form of curb is an angle iron or steel, but in larger holders 
where the compressing strain may equal 200 tons other pattern curbs 
must be adopted. 

Mr. Livesey considers 40 lbs. per foot as the maximum wind force 
likely to be exerted on a gasholder ; and 67 per cent, of this force is 
exerted on the cylinder as compared with a flat surface. 

When diagonal bracing of sufficient strength is in use, the side 
strength of the columns or posts need not be great as the strain is 
resisted by the bracing. 

For moderate sized gasholders. Mr. G. Livesey and Mr, 0. Hunt 
prefer cast iron columns. 

Theoretically if pressure is brought upon a cylinder it tends to 
expand it in all directions. 

In a gasholder at New Jersey, U.S.A., which overturned in a gale, 
all the columns but one fell outwards. 

Mr. Foulis considers 50 lbs. per square foot should be allowed for 
as wind pressure on gasholders. 

Mr. Cripps suggests gussets to connect the first row of top sheets 
with the top row of side sheets in small holders. 
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To find the strain on top sheets — 

18'3 W^^ght.of side sheets in tons _ gtrajn 
angle of top in degrees 
or, 

(Half diameter of holder^ + rise*) X effective pressure of 
gas X diameter of holder in feet . 

8 X rise ~ 

It is essential that gasholders should be maintained perfectly leyel. 

The Old Kent Roaid type of gasholder '4s one of that class of 
structures in which it is impossible to foresee the exact intensity and 
nature of the stresses." (Sir B. Baker.) 

Steel curbs are better than iron as they stand a higher compressive 
strain. 

Two angles, one set at each end of the first and thicker row of top 
sheets, is the easiest and simplest method of constructing a curb where 
considerable strain has to be resisted, as each inch of section is 
profitably utilised. 

Radial rollers spread the wind pressure on one quarter of the 
guides. 

Tangential rollers spread the wind pressure on one half of the 
guides. 

The two combined spread the wind pressure on three quarters of 
the guides. 

Mr. Webber considers the two combined spread the wind pressure 
on two-thirds of the guides. 

With tangential, or these combined with radial rollers, the pressure 
from the curb is better distributed, and the strain upon the guides 
is thrown in a tangential direction, thereby bringing the diagonal 
bracing directly into use in the position it is best able to resist the 
strain. 

Stays to inner lifts of gasholders are usually made of T iron trussed, 
but in large holders channel and H iron fi^equently take the place 
of the T. 

Channel iron forms, on the outer lifts, both a stay and also a guide 
path for the next inner lift roller. 

Vertical stiffeners require securely fastening to cups and grips. 

Vertical rows of thicker section plate are not advisable, as the 
riveting to the next rows on either side is not so tight. 

Sometimes the stiffeners are riveted to the side sheets by rivets 
at very close pitch, sometimes at 1 foot apart, and at others only 
attached to cup and grip. 

Gasholder sheets should never be allowed to oxidise, but receive a 
coat of boiled oil immediately they are planished and punched. 

An average gasholder contains more than 40 feet run of riveting 
and joint per 100 cubic feet. 

It is not considered advisable to rivet crown sheets to trussing in 
holders, as it prevents the sheeting ballooning out into a spherical 
shape, and throws great strain on the rivets. (Gripps.) 

p2 
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Weight of bell of holder is almost equal to that of the gnide 
framing in wrought iron or steel. 

All rivets should be well brought up with the set, firmly held and 
properly riveted, if a sound job is to be secured. 

All holders should be well painted every year. 

Wyatt says about 20 lbs. weight of wrought iron is used per 
superficial foot of sheeting (inclusive of the guide framing). Of this 
12 lbs. is the holder proper and 8 lbs. the framing. (October, 1887.) 

Side sheets vary in thickness from No. 11 in large holders to 
17 Birmingham wire gauge in small ones. 

The depth of each lift must never be less than ^th of the diameter 
of the holder ; and it will work better if it be Jth or ^th the diameter. 

With holders up to 120 feet diameter, it is cheaper to put in a 
light trussing than to place a wooden framing in the tank ; but above 
this size it is more economical to put a timber framing to receive the 
holder when down. The trussing of a gasholder should never be 
more than 10 to 12 per cent, of the floating weight. (Cripps.) 

Useless weight due to trussing of holders may cause an increase ot 
10 to 12 per cent, in the fuel account of the boiler supplying steam 
to the exhauster engine. 

Large single lift gasholders are often made so light that weights 
are required to cause them to throw sufficient pressure. In this case 
water troughs should be employed so that the water can be run in at 
night when pressure is required, and the back pressure in works 
relieved during the day in running off the water. 

Mr. 0. Hunt prefers cast iron columns for holders of moderate size, 
as a cast iron column is cheap and easy to construct. 

It has been proposed to carry the pipe from tiie meter to the 
governor house, and there connect it by a valve to the town mains 
before leading it to the gasholders, so that in case of a stoppage at 
the gasholders it can be at once turned on direct into the town, a 
governor being used to give warning of the necessity of turning on 
the valve. 

Biyets Bequired to Join Different Thickness Plates in Oaiholder 

Construction. (0. and W. Walker.) 

f inch to \ inch require \ inch rivets at 2^ inches pitch. 



» }) 4 » >J 4 >f JJ » ^4 






4 » J> 4 ?» » 8 ?? M >> •^ »> 

i „ „ lOB.W.G.,, \ „ „ „ H „ 

10 B.W.G. „ 10 B.W.G. „ i „ ,. „ 1 inch 

10 B.W.G. „ ^ inch „ | „ ,, „ If inches 

13 men „ 10 jj >} f j> » » If jy 

M >J »J 8 J> V 2 » » »5 Ij »» 






Riveting (single) to No. 11 plates = ^th weight of plates. 

„ ^double) „ „ =i'gth „ „ „ 

„ (single) I inch plates 1^ inch pitch = Jth ,, „ ., 
„ (double) „ ,, „ „ = ith „ ,. „ 
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Biyeting to irons 2^ inches to 6 inches pitch average (th of weight 
of plates. 

Not possible to join a thin plate to a thick one and make a gas- 
tight joint, therefore the second plate from curb shoald be half way 
between outer plate and crown sheeting in thickness. 

Reduce the thickness of sheets gradually to ensure tightness. 

Always rivet a thin sheet to a thick one, not the thick to the thin. 
Allowance for lap of plates — 

When the lap equals IJ inches add |j inch or 7 per cent, (no rivets). 

Allowance for waste on rivets, 10 per cent. 

„ for rivets, bolts, and laps over and above plates ^ to ^. 

Expansion of cast iron 100 feet long = f inch for 100° F. (Horton.) 
„ wrought iron „ „ „ =A » „ 100° F. 
copper „ „ „ = 1-28 „ „ 100° P. 

Iron expands with tension and contracts with compression xgias^b 
of Its length per ton per square inch. (Cripps.) 



Table showing the Strains on a Holder 800 feet diameter, with 
Different Rises of Crown. (V. Wyatt.) 



Rise of 


Surface of 


Ratios of 




Tension 
on ^of 
Dome. 


Tension on 


Compres- 


Crown of 

Holder in 

Feet. 


Domeequals 
6-2882 R. V. 
SquareFeet. 


Dome to 
Plane Sur- 
face Area. 


Radios of 
Dome. 


1 Foot in 

Length of 

Dome. 


sion on 
One Sec- 
tion of 
Top Curb. 





31416 


1-0000 











10 


31730 


1-0100 


505 


528 


3-40 


331 


15 


32091 


1-0214 


340 


348 


2-20 


213 


20 


32672 


1-0400 


260 


272 


1-80 


161 


25 


33300 


1-0600 


212 


222 


1-40 


126 


40 


36442 


1-1600 


145 


151 


0-96 


70 


50 


39250 


1-2500 


125 


131 


0-83 


51 


100 


62832 


2-0000 


100 


104^ 


0-67 


00 



Doubling the rise of the crown reduces the strain on the top 
sheeting one half ; here it is well to break joints as strength is required, 
and 96 per cent of the plates can be ordinary square sheets. Strain 
being equal on all crown sheets, they should be of equal thickness. 



diameter 
20 



Radiating strips are unnecessary. Usual rise of crown := 

in the form of a segment of a sphere, in this case No. 11 gauge sheets 
are sufficient for gasholders of moderate size, but for 200 feet diameter 
holders No. 10 gauge sheets better and larger rise. Rivets in crown 
sheets should be j^ inch diameter. 

Trussed holders require only moderate curbs. 

Cheapest (and easiest and simplest to construct) curb, is two angles 
of iron or steel, one at each end of a flat plate. 
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Messrs. C. and W. Walker construct all their holders to one curve for 
the top, which is an arc of a circle 405 feet radius, but for holders 
under 50 feet diameter give them a greater rise than this. 

Strain on crown sheeting varies almost inversely as the rise. 

Bise of crown sometimes made *875 of an inch per foot in 
diameter, which is the form it would take with a bursting pressure. 

It has been suggested that a radius of 400 feet for gasholder crowns 
should be used, as \ inch sheets are then strained to what they will 
safely bear in most gasholders. 

Pressure of snow may cause a load of 5 lbs. per square foot over 
Jth the area of a holder, and the centre of gnvity may be (say) 
Jth diameter from edge. (F. S. Cripps.) 

1 cubic foot fresh snow 5 to 12 lbs. • . Trautwine. 

1 „ „ snow compacted by rain 15 to 50 Ibe. „ 

Weight of gasholder bell equals weight of 1 cubic foot water X area 
on water line in feet X pressure thrown in feet, or, 

Al?ea X 5-2083 « lbs. per inch pressure. (F. S. Cripps.) 



Equilibration chains to gasholders. 

Formula for required weight of chains : 

m = weight of 1 foot vertical of gasholder in lbs. 
G = specific gravity of iron in ditto. 
W ^ weight of 1 foot of chain in lbs. 
N := number of chains. 

W = 



2GN 



To find the weight of a gasholder — 



W = weight in lbs. 
A = area of water surface in sq. ft. 
p ^ pressure in inches thrown, 
then, W = A 5-2^?. 



To find pressure of a gasholder : — 



W = weight in tons. 
d ^ diameter in feet. 
p = pressure in inches. 

547 W 
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Force of the Wind. 



Velocity. 


Force. 




Miles per 


Feet per , 


Lbs. per 
Square Foot. 


Hour. 


Second. ' 




1 


1-47 


•005 


Hardly perceptible. 


2 


2-93 


-012 




3 


4-40 


•044 


Just perceptible. 


4 


6-87 


•048 




5 


7-33 


•123 


Gentle pleasant breeze. 




10-0 


•229 




10 


14-67 


•300 


Pleasant brisk gale. 




20-0 


•915 




15 


22-0 


1-107 




20 


29*34 


1-968 






30-0 


2-059 




25 


86^67 


8-075 


Very brisk gale. 




40-0 


8^660 




30 


44-01 


4^429 






60-0 


5-718 




35 


51-34 


6-027 


High winds. 


40 


58-68 


7-873 






60*0 


8-234 


Hard gale. 




70-0 


11-207 




50 


73-35 


12-300 


Very high winds. 




80-0 


14-638 




60 


88^12 


17-715 


A storm. 




90-0 


18-526 






100-0 


22-872 


A great storm. 




110-0 


27-676 




80 


117-36 


81-490 


A hurricane. 




120-0 


82-926 






130-0 


38-654 




90 


132-02 


39-852 






140-0 


44-830 




100 


146-7 


49-200 






150-0 


51-462 




120 


176-04 


70-860 





±Ui 



1 


i'4y; 




IS 






TtenpB 


1 * ^ 


<r * :. 


^5 4- 


1-6.V 


35 


51-33 


: *-m 


t 


2«^ 


^nr^} 


19 


27-*; 


l-**.i5 


36 


hi-^.- 


6-4^ 


z 


4-4'. 


ir-j^r. 


». 


itrX^ 


2^>X» 


37 


54-36 


6-SI5 


4 


sp-^Z 


tr**^3 


21 


^r^: 


s-a*:^ 


38 


55-73 


7-±a) 


» 


7<i^, 


irl'JJ, 


S 


^2-2^, 


2-43;. 


39 


57-2»J 


7-606 


• 


ff"^) 


(rh^f 


8S 


33-73 


2-^5 


49 


5>-«6 


8-000 


7 


VrJ^, 


fr'24'j 


24 


3->-:?» 


2->"^> 


41 


6i>13 


8-405 


• 


11-73 


(rZ'Jif 


2S 


3*j-r>; 


3-125 


42 


61-60 


8-820 


9 


IS-::;'; 


tr\i>T, 


201 


3j*-13 


3-3^> 


43 


63-116 


9^45 


10. 


J4^»*; 


irr/d^ 


n 


39-60 


3-645 


44 


64-53 


1 »i»0 


11 


\i/\?p 


irf/*T, 


2S 


41-<j6 


1 3-920 


43 


66-C«0 


10-125 


12 


1 7'^/i 


irllh 


29 


42-53 


4-205 


46 


67-46 


10-580 


13 


VJ'fff, 


(rf^o 


90 


44-00 


, 4-500 


47 


68-^ 


11-045 


14 


*iir:f% 


(fif^) 


31 


45-4€ 


4-805 


43 


7«>40 


11-520 


U 


TZ'ifi) 


11 25 


32 ' 


46-93 


5-140 


49 


71-86 


12H)05 


16, 


23-4^; : 


1-2^*0 


''I 


4H'4(} 


5-445 


50 


73-33 


12-500 { 


17 . 


24-93 1 


1-445 


34' 


49-86 


5-780 


— 


88-00 


18-000 1 



FensnU for obtaining tlie Velocity of Higk Wiaii 

Prewnre. 

Velocit J = V 10 X presBure. 



the 



Vcmulii tn obtaining the Prearare of High Wiiida 

Telocity. 

10 
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A maximum wind pressure of 56 pounds per square foot is recom- 
mcndcxl in calculations for railway bridges and viaducts. 

Greatest pressure of wind recorded in pounds per square foot at : — 



Ay)crdeen 


. 41 


Armagh . 


. 27 


Birmingham . 


. 27 


Edinburgh 
Falmouth 


. 35 


. 63-7 


Glasgow . 


. 47 


Greenwich 


. 42 


Halifax . 


. 80-2 


Holyhead 


. 64 


Kcw 


. 27 



Liverpool 
London . 


. 90 
. . 20-2 


Valentia 


. 65-6 


Yarmouth 


. . 42-2 


Brussels 


. 22 


Paris 


. . 17 


Bombay 
Calcutta . 


. 38 
. . 40 


Madras . 


. 34 
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Allowance for Wind and Snow. 

Weight of snow on horizontal surface = aay 16*6 lbs. per square foot. 
Wind pressure on surface at right ) __ g^-e lbs. 

angles to line of impact f ■' »> » >» 

Wind pressure on sunace in spe- ) __ 3 1*0 lbs 

daily exposed positions i " ' " " '' 

(D.K. Clark.) 

According to returns' from the Greenwich Observatory during 20 
years the greatest pressure equal to 28 lbs. per square foot from the west. 

Velocity of the wind (feet per second) squared x -002283 = lbs. 
pressure per square foot. 

At the Eiffel Tower it was found that the wind was 3 times as 
strong at 303 metres from the ground as it was at 21 metres, the 
velocity at the higher level in summer exceeding 8 metres per second 
during 39 per cent, of the time and 10 metres per second during 21 
per cent. 

Observations at the Eiffel Tower show an increase of 33 per cent, 
in velocity and pressure of wind per 100 feet in height. 

Within certain limits the intensity of wind-pressure increases with 
the area of the receiving surface ; but over large areas the maximum 
is not reached in practice, owing to the wind moving in concentrated 
gusts. In designing structures, although 56 lbs. per square foot might 
be looked upon as tiie standard, this should be modified according to 
the circumstances of the case, viz.: with the height from ground 
level, the unsupported width, and the angle of incidence. Pressures, 
according to received tables, varied from 16 lbs. at ground level, to 
80 lbs. at a height of 200 feet ; and, in the latter case, from 80 lbs. at 
a width of 10 feet to 40 lbs. at a width of 1,000 feet, while the 
multiplier for angle varied from 0*45 at 5 degrees to 1*00 at 60 to 90 
degrees. (Professor Adams.) 

Sir 6. Stokes recommends that the rate of travel of cup anemometer 
should be multiplied by 2*4 instead of 3 to get the velocity, and that 
velocity ^ x 0*0035 should equal pressure instead of velocity ^ x 0*005. 

Maximum wind pressure usually allowed = 0*01 v^ ; t? = velocity 
of wind by cup anemometer. 

In France velocity of storms is taken at 100 miles per hour, and 
pressures up to 60 lbs. per square foot over the effective area of 1 
truss of a solid truss bridge, or 1*5 trusses of an open trussed bridge. 

In America wind pressures of 30 lbs. per square foot are allowed on 
large surfaces and from 40 to 50 lbs. per square foot on small surfaces. 

Velocity of high winds =Viu » 

Pressure in lbs, per square foot = rr^ 

Greatest wind pressures observed at the Forth Bridge were by large 
.fixed gauge 27 lbs., by small fixed gauge 41 lbs., and by revolving 
gauge 36 lbs. per square foot. 

If pressure be exerted against a cylinder it tends to extend the 
cylinder radially in all directions. (C. Hunt.) 
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Gasholders are now made to stand a maximum crashing strain 
equalling a pressure of 20 lbs. on the square foot, exerted on a plane 
represented by 50 per cent, of the area of vertical transverse section 
of the holder. (Newbigging, August 28th, 1888.) 

Pressure on guide columns usually taken as equal to the total wind 
pressure divided among the guide columns upon which the rollers 
bear at one time, and this again divided among the diJSerent rollers to 
each lift. 

With the upright guide form of standard they are capable of 
resisting the pressure of the radial rollers, while the diagonals resist 
the lateral strains. 

Johnson's " Theory of Framed Structures " — Wind pressure P = 
0*004 V 2 ; where v = velocity in miles per hour. 

Mr. Cripps uses a wind pressure of 34 lbs. per square foot. 

Pressure of wind on a gasholder equals 16 lbs. per square foot over 
the entire diametrical section. (F. S, Cripps.) 



Wind Pressare on Circular Objeets. 

Let dc =^, force of wind acting paraUel to the diameter b a. 
Resolve this into its component parts acting at right angles to one 
another at the point c, one of them,/^?, being a normal to the curve ; 
we then have/ ^ as representing the force of the wind acting towards 



iCt 




the centre of the circle, and/ c=:p cos. angle dcf. Resolving this force 
/ c at the point ^, so as to measure the effective force exerted in the 
direction ^, and parallel to the wind we have the effective pressure 
P ^ J? cos,^ angle d of. This angle d cf ranges from 0° to 90°, and 
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taking a sufficient number of angles we obtain cos,^ angle dof=s 
about '5 ; therefore mean effective pressure of wind against semi-cir- 
cumference P = 'bp. (Bancroft.) 

Greatest wind liKcly to press upon gasholder equals 26 lbs. per 
square foot of diametrical section of the bell. 

For the reduction of wind pressure on a circular surface to an 
equivalent plane area (such as an arched roof or a gasholder) — 
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gives 
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0-5 


M. Arson 


)i 
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0-46 


R. J. Button 


11 


.... 


0-67 


W. H. Y. Webber „ . 
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0-5 


Molesworth 
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0-75 


G. Livesey 
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. • . . 


0-67 


Prof. Adams 


)) 
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0-7854 


Walmisley 


» 
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0-56 


V. Wyatt 
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1-0 (October, 1887) 


Bancroft 
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0-6 


Cripps 


11 
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0-3 


Sir B. Baker 
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0-41 


Newbigging 


11 
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Trautwine 
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• • • • 
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Prof. Kernot (of Melbourne University) 




gives . 


. . 


. . • • 


0-6 „ 



Prof. Kernot, of Melbourne University, found pressure on one side 
of a cube = 0*9 that on a thin plate of the same area ; and in lattice 
work, in which openings = 50 per cent, total area, the pressure ^ 80 
per cent, of that upon a plate = the total area. Pressure on octagonal 
prism =s 20 per cent, more than upon circumscribing cylinder. 

Pressure on sphere = 0*36 of a thin circular plate of equal 
diameter. Prof. Kernot also recommended 20 lbs. per square foot as 
a maximum upon areas of not less than 300 square feet, and 30 lbs. 
for smaller surfaces in position of full exposure. 

To find approximate area of a segment of a circle, multiply versed 
sine by '6 X chord = area. 

Cost of six-lift holder, at East Greenwich, of 12,000,000 cubic feet 
capacity, two upper lifts to go outside; framing designed by 
F. Livesey. 

Contract amount, £41,915. 



Wrought iron used . 

Cast iron 

Steel 



11 



1,840 tons 
60 
320 



11 
n 



2,220 



11 



Cost per 1,000 cubic feet £3 10«. Cost of tank and holder, say £5. 

Cost of gasholders equals cost of the remaining manufacturing 
plant. (C. Hunt.) 

Cost of gasholders equals one-third of the remaining manufacturing 
plant. (G. Livesey.) 
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Hotel on Guide Framing. 

Gaide framing must be strong enough to resist all strain from 
snow and wind, jamming of rollers, and guides out of plumb. 

The lighter forms of guide framing depend largely upon the 
strength of the curb and grips to prevent distortion, but it is better to 
ignore this strength when calculating the guide framing, and make 
the latter strong enough to do all the resisting itself. 

If the diagonal bracing is properly placed and of sufficient strength 
the greatest portion of the strain may be resisted by it 

Diagonal bracing with the old-fashioned ring for tightening in the 
centre is weak, coupling screws serving the purpose much better with 
clips where the braces cross. 

Make the standard strong enough to transmit the strain from the 
front to the outside member. 

The strain upon the uprights of a gasholder framing is a cantilever 
one. 

In designing gasholder framing use, as far as possible, the same 
size and section of iron, to avoid the expense of having a number of 
different pattern bars rolled. (J. Somerville.) 

Wrought iron in gasholder framing has been objected to on the 
score of rusting, but a coat of paint every two or three years will cure 
this. 

Gasholder guides should be fixed leaning inward slightly, according 
to the contraction of the curb when fully inflated. 

All the wrought iron in gasholder construction should withstand a 
tensile strain of 21 tons per square inch, and should be absolutely 
tested. (J. Somerville.) 

By tangential rollers the strain is thrown mainly upon the tension 
rods and cross girders of the framing. 

Make as many triangles in the guide framing as possible in pre- 
ference to parallelograms. 

The yielding of wrought iron or steel framing to gasholders is said 
to be of advantage, cast iron columns and girders having often broken 
through undiscovered flaws, and caused wrecking of the whole 
structure. 

" The steadiness of a holder depends far more upon the tightness of 
the bottom rollers than upon any other condition. It is the practice 
of good gasholder erectors to make the bottom rollers fit the tank 
guides as tightly as they can be dropped into place." (W. H. Y. 
Webber.) 

In Gadd and Mason's spiral guided gasholders the guides are 
usually set an angle of 45^ 



To obtain Weight of any Holder. 

Diameter^ x pressure in ^th inch X '4091 = weight of holder 
in pounds. 



DiAgnm of PnimrM thrown by Holden of Diffieront Wo^liti and 
OiamiMn ; alio Weight* of Eolderi per ous-tontb. and 1 inoli 
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To obtain Prefinre wliieh a Holdor will throw. 



Weight of holder in lbs. ... 

Diameter' x '4091 = PiesBure in 4th inch. 

Weight and Proifiire of Holdorf . 
P = .reax5-21 W=P x area X 6-21. 



Formula for Ck)mpiiting Strength of a Cylindrieal Beam (Cantilever). 

I ^ length of beam in inches ; W = weight or pressure in pounds, 
which wiU just break it. 

S ^ coefficient of resistance to cross breaking or modulus of 
rupture. 

I ^ moment of inertia of the section of the beam about its neutral 
axis. 

X = distance in inches of the neutral axis from the extreme fibre of 
the cross section. (W. H. Y. Webber.) 

Herr Beissner's Bole— (Hsholders. 

Eighty per cent, of the greatest daily make as a minimum. 

Formula for Strength of Columns in Multipost Type of Oasholdera. 

Cripps' rule for the bending moment at foot of one column or 
standard in foot tons, when there is only 1 lift and 1 tier of girders, 
and framing is carried fall height of holder — 

Diar. o f outer lift in feet x total depth of holder when up in feet.^ 

Number of columns X 100 

If 1 tier girders and 2 lifts X 'fiB 

X -5 
X -4 
X -34 

Diagonal ties increase strength . . . . )th to ^th 

Strong cups and curbs increase strength . . . . ^th 

Sheltering holder will increase strength . . . . |th 

Exposed to winds, holder strength will be decreased . \t\x 

Shallow girders badly attached will be decreased . Jth to |th 
Standards lacking lateral or side stiffeners will be decreased |th 

Bad workmanship, holder strength will be decreased Jth to }th 
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Koment of Besistanoe of Bound Cast Iron Coltunni. 

Sectional area of column in sq. ins. X diar. of column in ft. - . . 

1*6 

Xoment of Beiistance of Latticed or Web Plate Standards of 

Symmetrical Cross Section. 

Wrought iron equals effective sectional area of back flange in square 
inches x depth of standard from front to back in feet x 5. 

Steel equals effective sectional area of back flange in square inches 
X depth of standard from front to back in feet x 8. 

Moment of Besistance of Trnsymmetrical Web Plate Standards. 

Effective sectional area of one flange X distance of centre of gravity 
of cross section of standard in feet X j^;!^ 7^1^^^ '''''''} X 2 = 
moment of resistance. (Deduced from Cripps.) 

For reasons of above and further information on gasholders' guide 
framing, see Cripps on the " Guide Framing of Gasholders.'* 



GASHOLDEBS OF CAHTILEYEB TTPE. 

Overturning moment of wind and snow ^ 

8 X diar. of col. circle in ft. x depth of holder in ft.* + 



diar. of col. 
circle in ft.* 
3 



= foot tons. 



2,240 



Sectional Area of Single Column or Standard to Besist Dead Load. 

^ ^ . 24 X depths + diameter^ . 

For cast iron, 3^360 x No. of columns = sectional area required. 

„ , . 24 X depths + diameter 2 

For wrot. iron, , ^.^ — ^ 7 — i = ,. „ ,, 

* 6,040 X No. of columns *' " " 

24 X depths + diameter' 

For steel, ^,^20 x No. of columns — " »' " 

Bending Moment Bne to Distorting Influence. 
Distance centre to centre of standards x height^ . , , 

Moment of Besistance to Distorting Influence. 
Distance of centre of gravity of standard from back flange x effec- 

aye sectional area of back flange x 2 x | ^; j^ ^^{'8''* '"'"(Oripps.) 
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Fomvls fsr TertlMl Bkaer. 
24 X depth' + diameter* , ^ , 

HVJOO = fOOtt(HUl 

This nmst be leaolTed in direction of tie rods and strots, and 
divided into the different panels according to their nnmber, in the 
proportion of 1 +2 + 3 + 4, &c. ^ x. Therefore tension in top tie 

rod = — X lesolyed sheer in direction of tie rods, by which strength 

SB 

necessary in each tie rod may be calculated. 
And for calculating strength for each strnt, - x leaolYed sheer in 

direction of strots. (Cripps.) 

VOTES OH CVPS AVB GBIP8. 

Weight of steel forming crown curb of 5| million holders at Old 
Kent Boad equals 8 per cent, of the floating weight. 

Depth of cup must allow for evaporation and tilting of holder. 

Cups and grips usually have half-round iron as a bead riveted at 
edges. 

Two channel irons have been used by Mr. C. Woodall, one at each 
end of first row of crown sheets, joined underneath by a second plate 
to form a box girder to resist compressional strains. 

Use strong bottom curbs and well adjusted rollers to them. 

Blocks should be fastened in bottom of all cups for grip of next 
outer lift to rest on. 

Guide rollers and carriages should be made strong enough to resist 
sudden strains, especially if no provision has been made for keeping 
them always close up to the guides. 

The pin should be fixed and the guide roller revolve upon it. 

Rule for determining the stability of the inner lift when cupped — 
D^ X 16 must not exceed weight hanging on the inner lift in pounds. 
D := depth iu feet. 

8team should be run into lute at distances of not more than 200 
feet apart, and this can be made to raise the temperature of the water 
to5(f F. 

Inlet and Outlet Pipes to Holders should be of such size as to allow 
a maximum velocity of 16 feet per second when the gas is passing 
through them. 

Horizontal and Compression Strains in tons on crown curb and on 
any one section of same, taken at any point, clear of all cover plates 

( Vertical effective pressure in tons on ^th crown area x diameter _ 
4 versed sine 



Vertical effective pressure in tons on ith crown area x versed sine ' 

diameter 



•). 
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or, 

(vertical effective pressure in tons on Jth crown area X\ 
m 2 versed sine ,^ j 0*64 
diameter , 
or, 

a PiftT' ) » b'tipS^' effective pressure of gas in lbs. per square 
2 \ ~^^^' ^^^V foot of crown X 2 versed sine 

8 versed sine 

Tension strain on one foot vertical of side plates in tons = S = 

Diameter 

=^ X pressure of gas per square foot of crown and ^ide sheets 

z 

2,240 

Badins of crown in feet == B =: 

Diameter* versed sine 

8 versed sine "^ 2 

or. 

Diameter* , . 

— — o X versed sine* 

2 versed sine 

Mr. Wyatt says that not more than 33 per cent, of the strength of 
the solid unpuncbed plate is obtained by ordinary riveted gasholder 
sheet joints, and suggests using a double line of rivets to the joints, 
say, g inch diameter for \ inch plates, put in hot without tape, and a 
thick coat of red lead paint in the joint ; lap say, \\ inch ; centre to 
centre of rivets diagonally, 1^ inch ; centre to centre of rivets longi- 
tudinally, \\ inch ; distance between centres of rows of rivets, ft inch ; 
by which means about 70 per cent, of the strength of the plate may 
be obtained. 

Ordinary practice is single riveting equal to 50 per cent, strength of 
plate in gasholder work. 

Wyatt's Rules for Strains in Gasholders. 

Tangential tension strain in tons from |th crown area ( = portion 
acting on one sectional area of crown curb) = T = 

Vertical effective pressure in tons on ith crown area x diameter of 

holder in feet __^^_ 

4 versed sine (rise in crown) 
or. 

Vertical effective pressure in tons on Jth crown area X radius of 

crown in feet 

-■ ' 

\ diameter 

G.B. Q 



226 GAS jsnginxbr's fogeet-booe. 

Tangential tension itrain in torn on 1 foot length of crown sheet- 
ing, taken in any direction .and also on 1 foot of crown curb 

= r = 

« diameter \ • ^^^ . ) f effectire pressure of gas in lbs. 
2 ) ^ ! ^ \ per square foot of crown 

4 X veised sine 
or, 

_ _ . ^ . . effective press, of gas in lbs. per sq. ft. of crown 

Radius of crown in ft. x 5 

__ 

or, 

Tangential tension strain in tons from ^th crown area 
^th circumference of holder 

To find the thickness of Crown Sheets (safe strain ^ 5 tons per 
square inch) add the square of half the diameter of holder to the 
square of rise of crown, and multiply the sum by the effective pressure 
of gas in pounds per square foot, and divide the result by 6376 times 
the rise, multiplied by the percentage which the strength of joint bears 
to the solid plate. It is necessary to allow something for wear and 
tear, oxidation, unsound joints, riveting to thick plates, &c. (F. S. 
Cripps.) 

To find the shearing strain on the rivets in top sheets perfect lineal, 
add the square of half the diameter of holder to the square of rise of 
crown, and multiply the sum by the effective pressure of gas in pounds 
per square foot, and divide the result by four times the rise = strain. 
(F. S. Cripps.) 

Mr. Livesey found an average contraction on a holder 180 feet 
diameter of 0*6125 inch on lifting the inner holder, a further con-i 
traction of 0*3375 inch on lifting the outer holder, making a total 
contraction of 0*95 inch, of which 0*169 inch contraction remained 
as a permanent contraction when the holders were again landed. 

The cup and lower curb plate should be made stronger than the 
rest as they cannot be painted. 

It can be shown that only a few of the outer rings of crown sheets 
are in compression, say two or three rows and one row of side sheets. 



Formnla to Obtain the Tension on the Sheet Iron next Cnrb. 

(Arson,) 

Weight of sides 
IT diameter X sin. of angle of top sheets with horizontal 

Formnla to Obtain the Tensile Stress on the Biyets. (Arson.) 



Weight of sides 

diameter ««• "^ '^^ 



IT 
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Vormols to Obtain the Cruihiiig Streii on the Curb. (Arson.) 

Weight of sides 



18-8 



angle of top sheets with horizontal 



Bnle to Find the Compreisive Strain on a Gasholder Onrb. 

(Half the diameter of holder* - rise*) x pressure of gas in lbs. per 
square foot x diameter of holder 

Kise X 8 

Strain (compressive) in pounds due to the pull of the top sheets ; to 
this add depth of inner lift X 6*5 X diameter of holder for the 
pressureof wind,le88 di^neter of holder ^ ^^^^j^ ^ ^^.^ pressure 

10 or 16 
of gas for the pressure of gas on the sides. 

The constant 10 is used for vertical stays listened all the way up. 
The constant 16 is used for vertical stays loose. Difference equals 
compressive strain on top curb. (Deduced from Gripps.) 
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WOBXSHOF VOTES. 

Wyatt'i Rule. — Three hundred and seventy cabic feet of work- 
shops and offices required per ton per diem (dwelling-house indaded). 



Best Speed 


for Cutting Tools when Working. 


Steel 


. 12 feet 


per 


minute. 


Cast iron 


18 „ 




)) 


Brass 


. 24 „ 




f> 


Wrought iron 


24 „ 




»> 


Wood 


2,000 „ 




„ when material revol ves. 


»» • 


3 000 „ 




„ when tool revolves. 


Grindstone 


. 800 „ 




j» 



Circular saws should be run at about 9,000 feet per minute on the 
teeth. 

Band saws should be run at about 4,000 feet per minute. 

Planing and moulding rotary cutters, 5,000 feet to 7,000 feet per 
minute on cutting edge. 

Emery discs, 4,000 feet to 6,000 feet per minute on periphery. 

Drills for wrought iron should have circumferential speed of 140 to 
160 inches, and for cast Iron 80 to 120 inches. 

Another authority gives — 

Speed of Cutting Tools. 

For Cast iron 150 to 190 inches per minute. 

„ „ (boring) 80 

Wrought-iron .... 2()0 to 280 

Yellow brass 300 

Band saw for metal .... 250 
„ „ „ wood 4,000 

Teeth of circular saws . . . 9,000 

Cutter blocks for planing and mould- 
ing wood (cutting etige) . . 6,00(? 

Irregular moulding and shaping 
machines, wood (cutting edge) . 5,000 

Saw and cutter sharpening machine 5,000 

General Notes. 

A man will pull or exert an effective power of 35 lbs. in fair working. 

Angles of cutting tools : — Wood, 30 to 40 degrees ; wrought iron, 
60 degrees ; cast iron, 70 degrees ; brass 80 degrees. 

Circumferential velocity of drill should equal about 100 inches per 
minute for cast iron and 160 inches for wrought iron. 

Circumferential speed of emery wheels, about 5,000 feet per minute. 
„ „ of grindstones, „ 800 ,, „ 

The diameter of the hole in the die should exceed the diameter of the 
punch by about one fifth of the thickness of the metal to be punched. 

The die first used was 36 millimetres in diameter ; afterwards one 
of 39 millimetres in diameter was substituted without altering the 
size of the punch. The hole made with the 36-millimetre die under- 
neath was cylindrical, but with the 39-millimetre die it was conical. 
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The amount of clearance between punch and die should equal 
one fifth the thickness of metal to be punched. 

Two pieces of aluminium or platinum pressed together for eight 
hours at 330° C. will cohere. 

Iron castings contract about Jth inch per foot ; brass castings, about 
^ths inch per foot. 

Allow §rds of the width of rails for mortices and |rd for haunching. 

Approximate quantity of air required for welding in a smith's 
forge equals about 150 cubic feet per minute. 

Station Meters. 

Choose a station meter in which the spout is kept wcix above the 
water line, and see that the bearings and stuffing box can easily be 
got at for examination and repair. See that no useless metal is put 
into the drum, causing weight and consequent pressure to turn. 
Have sufficiently large openings in the hoods to allow an easy 
passage of the gas on both inlet and outlet ends of the drum. 

To Find the Capacity of a Station Meter Drum. 

Find the area of a circle of equal diameter to the diameter of the 
drum (a). Multiply by the average depth from centre of hood 
space on outlet end tx) centre of hood space on inlet end (&) above 




the water line, and deduct from this a square equal to twice the 
water line above the centre of the drum (jci) multiplied by length 
from inlet to outlet sides of drum on water line {e). 

Herr Beissner's Bnle— Station Meters. — Allow 80 revolutions per 
hour as a maximum. 
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The openings in the centres of station and other meters should be 
such as to i3low the water to pass easily from one chamber to 
another, so as to relieve the pressure npon the partition. The same 
applies to the raising of the water line, which may cause the immer- 
sion of the partitions to such an extent as to cause a perceptible drag 
on the reyotution of the drum. 

Dimensions of Square Station Meters. 



Capacity per 
Hour at 100 
Revolutions. 


Capacity 

per 
1 Revo- 
lution. 


Side to 
Side. 


Front to 
Back. 


Height. 


Diameter 

of 

Drum. 


Length 

of 
Dnmi. 


Diame- 
ter of 

Connec- 
tions. 






Ft. 


Ins. 


Ft. 


Ins. 


Ft. 


Ins. 


Ft. Ins. 


n. Ins. 


Inches. 


20,000 


200 


9 


3 


8 


6 


9 


6 


8 


7 6 


12 


25,000 


250 


9 


3 


9 


3 


9 


6 


8 2 


8 


12 


30,000 


300 


10 





10 





10 


9 


8 7 


8 6 


14 


40,0C0 


400 


11 


3 


11 


3 


12 





9 9 


9 


15 


50,000 


600 


12 





12 





13 





10 6 


10 6 


16 


60,000 


600 


12 





13 





13 





10 6 


11 6 


18 


80,000 


800 


13 


6 


13 


6 


14 





12 


11 6 


20 


100,000 


1,000 


15 


4 


15 





16 


6 


13 6 


11 6 


24 


125,000 


1,260 


15 


4 


15 





16 


6 


14 


12 4 


24 


150,000 


1,500 


15 


6 


17 


6 


15 


5 


13 6 


14 2 


24 


250,000 


2,600 


20 


6 


19 


3 


21 





18 


15 


30 



Bound Station Keters. 



Capacity per 


Capacity per 


Diameter 


Depth 


Diameter of 


Diameter 


Hour. 


Revolution. 


Inside. 


Inside. 


Flanges. 


nections. 






Ft. Ins. 


Ft. Ins. 


Ft. Ins. 


Inches. 


600 


5 


2 3 


2 3 


2 9 


2 


900 


7-5 


2 10 


2 3 


3 4 


3 


1,200 


10 


3 2 


2 8 


3 8 


3 


1,600 


12-5 


3 4 


3 


3 10 


4 


1,800 


15 


3 6 


3 4 


4 


4 


2,400 


20 


3 9 


3 6 


4 8i 


4 


3,000 


25 


4 


4 


4 7 


5 


3,600 


30 


4 3 


4 2 


4 10 


6 


4,000 


40 


4 9 


4 6 


5 4 


6 


5,000 


50 


5 


4 8 


6 7 


6 


6,000 


60 


5 


6 4 


5 7 


8 


7,000 


70 


6 6 


5 6 


6 1 


8 


8,000 


80 


5 10 


5 8 


6 5 


8 


10,000 


100 


6 4 


6 2 


6 11 


9 


12,500 


125 


6 10 


6 2 


7 5 


10 


15,000 


150 


7 


7 10 


7 7 


10 


17,500 


175 


7 3 


7 6 


7 10 


12 


20,000 


200 


8 


7 6 


8 7 


12 


25,000 


250 


8 


9 6 


8 7 


12 


30,000 


300 


8 6 


9 8 


9 


14 
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8T0BIKO MATEBIAL8. 

Coal when exposed to the air changes m character, the change 
consisting in a diminution of agglomerating as well as of lighting 
power, and probably also of heating power. 

The change is more rapid the higher the temperature and the 
more divided the coal. 

In the small pieces the change in the character of the coal is 
greater on the surface than in the interior. In heaps of coal per- 
meated by the air the change is greater in the centre than on the 
surface. When the air cannot penetrate to the centre the surface 
undergoes the greatest change. 

Small coal washed is less liable to change than unwashed. 

Large pieces of coal are only liable to change after a certain 
number of years* exposure to the air. The small coal is afEected very 
quickly if it happens to be under conditions likely to raise its 
temperature. 

In a few months it is capable of entirely losing its agglomerating 
and lighting power. Heaps of small coal become heated, but 
stacks of large coal do not heat to an appreciable degree. 

Small coal should not be stacked in too large heaps. 

Coal stacked in low heaps does not become heated. Heat increases 
with the height of the stack, and at about the height of 8 or 4 metres 
the temperature rises progressively and then descends without having 
exceeded 60° C. or 70° C. 

The inner temperature of a stack 2 metres high does not usually 
exceed 40° C. to 50° 0. (M. de Lachomette.) 

Storing coal in the open may cause a loss of from 30 to 40 per cent, 
in the quantity of gas to be obtained from it. 

North Wales coals and certain cannels are said not to depreciate 
appreciably through exposure when stored in the open, while certain 
Scotch coals have been known to lose 50 per cent, in value in 3 months. 

All coals exposed to the air absorb oxygen, the volume of which 
may be 100 times that of the coal. 

The loss and increase of weight are produced more slowly the 
larger the pieces of coal. (M. de Lachomette.) 

The yield of gas from coal before exposure being equal to 26*36, 
fell to 6*60 after being subjected for 4 days to 400° C, and at 8 days 
to nil. The illuminating power also diminishing very quickly. 
(M. de Lachomette.) 

Powdered coal containing from 1*6 to 8*3 per cent, oxygen when 
subjected to the prolonged action of air and of stagnant and running 
water is not appreciably affected with regard to composition, yield of 
coke, or calorific power. (M. Georges Arth.) 

The drier the coal when stacked the less the liability to heat, and 
all trampling or compression should be avoided. 

The only thing to be done with heated coal is to open it out and 
allow it to cool, or the heating will spread. 

M. Morin suggests connecting the two ends of a thin platinum wire, 
about O'OOOS inch diameter, laid through the thermometer to s^ 
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battery and galranometer, when the varying resistance dne to the 
rise and fall of the mercury will be shown upon the galyanometer, 
and the temperature of anything may be observed at a distance, such 
as in a heap of coals. 

Another form of indicator for showing when coals are heated above 
a certain temperature might be made by means of the two wires 
from a battery covered with gutta-percha and the one wound round 
the other, so that when a sufficient heat was formed to melt the 
covering the two wires would be in contact, and could be made to 
Jing an electric bell. 

Igniting Points of Coals. (Y. B. Lewes.) 

Cannel . 698° F. = 37(f C. 

Hartlepool . . . 766° „ = 408° „ 

Lignite . . . 842° „ = 460° „ 

Welsh steam . . . 870^° „ = 477° „ 

When Wire Ropes have to run over small pulleys or capstans the 
number of wires should be increased. In the case of cranes sometimes 
as many as 270 are used. 

Average eoninmption of Coal per Passenger Train KUe equals 30 lbs., 
or about 1 J lb. to If lb. for hauling 10 tons 1 mile. Consumption of 
coal per square foot of firegrate per hour varies from 60 lbs. to 80 lbs. 

When large Stocks of Coke are stored in the open an increase in 
weight of 15 to 20 per cent., due to wet weather, has at times been 
found. (C. Gandon, Gas Institute, 1887.) See also p. 145. 

Stacking coke in large quantities deteriorates the quality. 

100 lbs. coke can absorb 50 lbs. water. 

Increased quantity of breeze due to use of coke breaker only 
about 6 per cent, of coke broken, or 1 cwt. per ton of broken coke for 
sale. Less when broken while warm (say \\ bushels per ton). 

Oils flashing below 73° F. are not allowed to be stored in warehouses 
or shops in England. 
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BSTOBT HOUSE KANTTFACTUBE. 

The gas produced in part of the retort nearest the front is not 
nsnally so good in quality or quantity as that from other parts. 

Uneven charging reduces the temperature of the retorts and makes 
a poorer coke. 

Uneven charges cause the evolution of gases of little or no illu- 
minatii^ power from the thin portion, while the thicker portion is not 
properly burnt off in the allotted time, and gas is lost. 

Retorts which allow but little room above the coals are to be 
preferred, as then the gas passes quickly away from contact with the 
heated surface of the retort, which causes the decomposition of some 
of the olefiant gas. 

The production of the hydrocarbon compounds from the coal takes 
place at a comparatively low temperature ; these hydrocarbon com- 
pounds are then broken up into simpler forms by the passage through 
the retort and exposure to its heated sides. 

Deep charges cause caking of the outer portion before the inner is 
worked off, the outer portion having been quickly gassified. The coke 
then is giving off sulphur. The thick charge cools the retort, and 
the gas then made is less and the tar high. (G. Anderson.) 

Charge should fill the retort as full as will allow convenient 
charging and drawing. 

Deep charges of coal cause caking on the exterior for some hours 
before the interior of the charge is worked off. 

The whole of the outer surface is giving off sulphur for some hours 
after it has given off its gas. 

The large mass cools the retorts for some time, while tarry vapours 
are being formed instead of gas. 

Large retorts at low heats conduce to deposition of soot and 
napthalene. 

The sulphur given off from damp coals is greater than from dry. 

At high temperatures the gas produced contains methane (CH^) and 
free H ; and more free in the tar and in the compounds of carbon 
belonging to the aromatic series derived from benzene (CgHg) and H 
is separated, and napthalene, anthracene, phenanthrene, chrysene, 
&c. are formed. (Dr. Lunge.) 

At low temperatures the hydrocarbons formed belong to the 
para£Sn series (methane), having the general formula CnR^n + 2, along 
with defines (C»H„«). (Dr. Lunge.) 

With low heats the yield of ammonia is generally lower, which is 
also the case with high makes. 

Low temperatures, with 9,000 dubic feet of gas per ton, will yield, 
with a certain coal, 16 gallons tar, but the same coal at high tempera- 
tures will yield 9 gallons tar and 11,000 cubic feet of gas. (Davis.) 

If coal were distilled at low temperatures and the gases afterwards 
subjected to greater heat in separate retorts, where the heat could be 
accurately controlled, better results might accrue. (Foulis.) 

Mr. Hunt, testing in a small iron retort, found that the greatest 
number of candles per ton was obtained with a temperature of 
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1,600" F., and he considere the best heat for ordinary working is the 
lowest that will thoroughly carbonize in the allotted time, the stopped 
pipes with high heats causing loss beyond the gain by the higher 
temperatures. 

There is a certain temperature at which each coal may be made to 
yield the best results, both as to quantity and quality. 

When gas is being evolved from coal the temperature of the retort 
is not even along the length of the retort. 

When a substance is subjected to a high heat and to an advanced 
state of decomposition the products proiduced are generally of a 
simple nature. 

The higher the heats the greater the proportion of hydrogen and 
methane and the lower that of C. 

Temperature in retorts^ 1,800° to 2,000° F. := temperature in 
hydraulic main of only 140° to 180° F. = 110° to 150° F. at outlet of 
latter. (J. Hornby.) 

Temperature in retorts rarely more than 2,203° F. 

Cherry red is the best heat for iron retorts. 

A good orange is about right for clay retorts. 

If the heat of retorts is 1,000° C. (1,832° F.) before the charge is 
in the heat of the coals near the walls will be about 800° C. (1472° F.) 
and in the centre of the coals 400° C. (762° F.). 

The upper layer of evolved gas will be at a temperature of 1,000° C, 
and the lower, near the coal, 600° C. (1,112° F.) (Prof. Lewes.) 

If a long piece of gas piping, closed at one end, is passed through 
a hole in the retort lid with the open end to the air it can be used to 
obtain the heat of the retort at diflEerent points. (L. T. Wright.) 

The velocity of gas in its passage through highly heated retorts is 
about 5 feet per second during the maximum evolution of the gas. 

Damp coals cause steam in the retort, which is afterwards condensed 
in the condensers, and which has a tendency to lower the tempera- 
ture of the retort. 

Loss between working in summer and winter equals 9*6 per cent, 
in favour of the former, in the sperm value obtained from similar coals. 

Very high yields of gas are only obtainable with excessive use of fuel. 

Clay retorts usually worked at 1,082° C. 

At a yield of 118 cubic feet per square foot of retort, cast iron 
could be melted (= + 2,100° F.) in the top flue, and silver in the 
bottom flue ( = + 1,749° F.). 

The greater proportion of the CS^ is formed after the useful gases 
have been driven oflf from the coal, and is increased if the coal be wet 
when put in the retort. 

Best temperature for Newcastle coal is dull orange or 2,010° F. 

Clay retorts are bad absorbers of heat compared with iron retorts. 

Water vapour in the retort seems to have some protective action on 
napthalene. (L. T. Wright.) 

The maximum production per square foot of retort surface may be 
taken as 126 cubic feet per ton, or 14*7 tons of coal carbonized per 
1,000 square feet per 24 hours. 

There are certain paraffin hydrocarbons in the coal which are 
split up into simpler members of the same series and into defines 
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Fractional distillation is a means of separating liquids with boiling 
points at least 30^ F. apart. 

Cannel coal carbonizes in about five-sixths the time of caking coal, 
and the greatest quantity of gas is evolved during the first hour of 
charge. 

Temperature of gas as it leaves the coal about 170** F. 

The more rapidly the coal is carbonized the better are the results. 
(W. Foulis.) 



Prodiicta. 


Percentage of 
CJoal. 


Calories per ton 
of the Ck>al. 


Percent^e of Heat of 
Combustion of Coal. 


Coke . . . 
Gas (Dry) . 
Tar . . . 

IjOSS . . . 


65-66 

17-09 

7-81 


4,682,683 

1,929,252 

671,231 

258,866 


62-09 

25-58 

8-90 

3-43 






7,542,032 


100-00 



Loss occurs through the endothermic process of carbonization, as 
the coal appears to liberate heat and not absorb it. (Euchene and 
Mahler's results.) 

BesidnaU and Impurities at Outlets of Batons in Percentage by 
Weight of Crude Gas. (Prof. Wanklyn.) 

Tar 33 percent 

Watery vapour 50 

Ammonia 2 

COa 5 

HaS 2 to 5 

S. as sulphuret of carbon and organo-sulphur 

compounds '15 to '3 „ 

Eesult of Heating to about 1000° C. (Prof. Lewes.) 

Ethane become'^ ethylene and hydrogen. 

Ethylene „ methane and acetylene. 

Acetylene „ benzene, styrolene, retene, &c. 
Variation in Quantity of GO2 and HgS according to the Heat of 
Distillation. (Lewis T. Wright.) 



n 



Cakino Goals. 



Yield of Gas 
per Ton. 



7,856 

8,547 

11,128 



Grs. of CO, per 
Cubic Foot. 



16-92 
18-38 
19-37 



Grs. of H,S per 
Cubic Foot. 



3-16 
4-69 

5-87 



Oannkl Coal. 



7,853 
10,047 



32-60 
39-27 



4-80 
4-97 



The " salts " usually found mixed with tar in the hydraulic and 
foul mains are probably sal-ammoniac, and are formed by high heats. 

Crude gas contains about 1 per cent, ammonia, weighing from 
5J lbs. to 8 lbs., and about 5 per cent. COa ^.nd HgS. 
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Besult of Carbonisatioii at Different Temperaturei. 

(L. T. Wright.) 



Temperature. 


Oas. 
Cubic 

Feet 
perTon 


Ilia, 
minat- 

ing 
power 


Candles 
Ton. 


H. 
per 

C0nt. 


He- 

thene 

per 

Cent. 

42-72 

34-50 

Test lost 

80-70 


Ole- 
fin es 

Gent. 


CO. 

per 
Gent 


N. 

per 

Cent 


Dull red. 
Hotter . 

Bright orange 


8,260 

9,698 

10,821 

12,006 


20-6 
17-8 
16-7 
15-0 


88,950 
84,510 
86.140 
87,460 


8809 

48-77 

TestloH 

48-0-2 


7-55 

5-88 

Test lost 

4-61 


8-72 2-92 
12-50 3-40 
Test lost Test lost 
18-96 2-81 



At a low rate of distillation nearly all the gas is evolved at 1,340° F. 

At the highest rate of distillation 66 per cent, of gas is evolved at 
1,339° F. 

When the yield of gas per ton is nnder 9,000 cubic feet the 
temperature of the bottom flue is not above 1,580° F., but with a 
temperature there of 1,680° F. the yield increased to 9,378 cubic feet 
per ton. (L. T. Wright). 



Temperature 
of Retort. 


Make of Oas. 


Oallons of Tar. 


Remarks. 


600° F. 

750° to 800° F. 
1000° F. 
1830°F. 

2010° F. 


Feet per ton. 

400 

1,400 

6,000 

8,300 

10,000 


68 
13 to 14 gals. 
9 


coke very friable. 

faint red heat, 
bright cherry red 

heat, 
orange heat. 



Low temperatures give little ammonia. 
Medium temperatures give most ammonia. 

Higher temperatures give rather less ammonia but more CSj, H,S, 
and cyanogen. 



Make per Ton, 
Cubic Feet. 


NH, per Ton. 


Percentage of Coal 
asNH, 


11,620 

10,162 

9,431 

7,512 


lbs. 
7-411 
7-894 
7-504 
6-391 


0-331 
0-352 
0-335 

0-285 



Temperature 
of Retort. 


Make of Oas. 


Illuminating power 


ninminants. 


2,000° F. 
2,160° F. 


Per Ton. 

9,800 

11,000 


Candles. 
16-54 
12-00 


Lbs. Sperm. 
525^ 
452^ 



(L. T. Wright.) 



HOURLY MAEB OF GAS. 237 

Coal carbonized at 2,000° yielding 9,800 cubic feet of 1&64 candle 
gas equal to 555^ lbs. illuminating matter, but if carbonized at 2,160° 
will yield 11,000 cubic feet gas of 12 candle-power equal to 452^ lbs. 
illuminating matter. 

If caking coal be carbonized at 600° F. (hardly red in ^ dark 
place) only 400 cubic feet of gas per ton are evolved, and most of 
the hydrocarbons are resolved into tar. 

At low heats 600° F. tar and oils are formed but little gas, while 
at higher heats gas is formed with less tar. 

At a low red heat in daylight about 6,600 feet are produced per 
ton. 

At 750° to 800° F. about 1,400 cubic feet gas and 68 gallons tar 
or crude oil are given off ; at 1,000° (a faint red in subdued day- 
light) about 6,000 cubic feet gas ; and at 1,830° (a bright cherry red) 
about 8,300 cubic feet with 13 or 14 gallons tar are evolved ; and at 
2.010° (orange) about 10,000 cubic feet per ton wiUi 9 gallons tar. 
(Gesner.) 

Composition of Oas firom Kewoaitle Coal Carboniied at 
Di£Ebrent Heats. (Thorpe.) 

Gas per ton of coal, cubic feet 
Illuminating power, candles . 
Unsaturated Hydrocarbons, per cent 

Marsh Gas 

Carbon Monoxide 

N 



8,250 


9,692 


12,006 


20-59 


17-80 


15-60 


7-56 


5-83 


4-51 


42-72 


34-50 


30-70 


8-72 


13-60 


13-96 


38-09 


43-77 


48*02 


2-92 


2-40 


2-81 



)) 
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11 


11 


19 


11 



Percentage and Speoifie Gravity of Gaijdaring eaeh of Five Hours* 

Charge. 

First hour 46*6 per cent, gas given off -677 average specific gravity. 
Second hour 27-4 „ „ „ „ '419 
Third hour 160 „ „ „ „ -400 
Fourth hour 7*3 „ „ „ „ -322 
Fifth hour 2*7 

Another experiment gives 

First hour 51-3 per cent, gas given off specific gravity not taken. 

Second hour 33-5 „ „ „ „ 

Thirdhour 11-8 „ „ „ „ „ „ „ 

Fourth hour 3-4 „ „ „ ,. 

1 ton coal distilled aj; about 1,650° F. will be carbonized in 6 houra. 

n 1* ?j >» 2,010 F. „ „ „ 5 „ 

»» 11 » » 2,190^ F, ^^ „ „ 4 „ 

The greatest quantity of gas from caking coal is evolved during 
the second hoar. 



r 
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Wigan Cauiiel (1 ton) produced 

First hoar 8,320 cubic feet. 

Second hoar .... 2,940 „ 

Third hour 2,660 „ 

Fourth hour .... 1,040 



(Herring.) 



Six-hour Chaxgei. 



At end of first hour one-sixth of the total quantity of gas is given 
off, at commencement of second hour the coal becomes soft, and during 
the second, third, and fourth hours yields gas from innumerable small 
jets, at the fifth hour it is compact and doughy, the gas issuing from 
throughout the mass. At the commencement of the sixth hour it is 
still black as at first, and the evolution of gas, which has been fairly 
unifoim, commences to decrease very rapidly. At 5^ hours gas 
almost ceases to issue, and coke becomes incandescent and brittle. 

Quality of gas nearly uni form for first five hours, but deteriorates 
greatly the last hoar, often being not more than 3 candles. 



Four-honr Charges. 

Periods of three-quarters of an hour correspond to those of one 
hour in above remarks. 

The work done in the retort during the last hour of the charge, 
amounting to about 5 per cent, of the whole, is also getting the 
retort in a condition of heat to receive the next charge. It has been 
proposed by the " Journal of Gtas Lighting " to connect the mouth- 
piece of the retort by means of, say, a 2-inch or 8-inch tube, provided 
with a cock, with the interior of the setting, and divert the gas yielded 
during the last hour of the 6-hour charge, so that it may assist in 
heating the retorts, and not deteriorate the quality of the gas already 
made. 

First hour ) volume of 10 candles ; second hour and half, ^ volume 
of 17 to 18 candles ; third hour, I volume of 14 candles ; remainder, 8 
to 10 candles at high heats, making 11,000 feet gas of 14 candles. 
(Butterfield.) 



Hours. 



Gas made 
percent. 

1 16*6 Gas strongly impregnated with tar. 

2 • . . . Coal becomes soft. 

3 . . . In a state of intumescence and 

yielding. 

4 . . . . Gas from innumerable small jets. 

5 . . . . A compact and doughy mass. 

6 . . . . Coal still black, yield of gas 

decreasing rapidly, sulphur 
compounds being evotVed, 
quality about 3 candles. 



>s 
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From tests of a Scotch coal, giving an average of 11,250 cubic 
feet per ton of 30-18 candle power, Mr. W. "Wallace, F.I.C., found a 
variation both in illuminating power and pounds of sperm per toD, 
according to the temperature : — 





Lbs. Sperm 


Illuminating 




per Ton. 


Power. 


In January . 


1,136 


29-44 


„ February . . 


1,140 


29-56 


] 


, March 


1,122 


29-08 


t 


„ April ... 


1,135 


29.41 




„ May .... 


1,218 


31-58 




>, June . . . . 


1,208 


31-32 




„ July .... 


1,209 


31-34 




, August . . 


1,209 


31-34 


5 


„ September . 


1,178 


30-54 




„ October . . . . 


1,146 


29-72 


3 


, November . 


1,139 


29-53 


i 


, December . . 


1,124 


29-14 


Average • 


1,164 


30-18 



Or by temperatures — 



Degrees Fahr. 


Lbs. Sperm 
per Ton. 


Illuminating 
Power. 


36 to 40 . 

41 to 45 . 

46 to 50 . 

51 to 55 . . . . 

56 to 60 . 

61 to 69 . 

Average . 


1,108 
1,124 
1,142 
1.182 
1,206 
1,215 

1,163 


28-73 
2914 
29-61 
30-65 
31-27 
31-50 

30-15 



Proportions of coal, coke, and tar used per ton in firing retorts : — 

2f cwts. of coke are used per ton of coal carbonized with 
gaseous regenerative firing. 

3^ to 4^ cwts. of coke are used per ton of coal carbonized with 
ordinary furnaces. 

1 ton of tar is egual to about 2 tons of coke in firing. 

Loss in direct fired setMngs through heat dissipated up chimneys. 
Of N and CO2 or O and CO = 5943-4 B.T.U. out of 14550 B.T.U. 
from 1 lb. C, or 41 per cent. Any increase of air above the theoretical 
quantity required increases the loss up the chimney. 50 per cent.*is 
nsually the quantity lost as then the excess air is only 20 per cent. 

Too little air in direct fired settings reduces the heat per 1 lb. fuel 
in increased proportions. 
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Pounds fuel used per 100 lbs. coal carbonized : — 
Coke ..... 



17-360)8. 
2-74 lbs. 



The above are calcnlated from the qnantity nsed in 
6i daTB.— March 2l8t, 1892. 



at 



riMpBW'tiwi of ChMM la Oocntar 1 


"■nuMet. 


BVELMAH'S GASOGBnC 








Air. 

• 


Air and Sfeeun. 


CO 

CO, 

N 



H 


33-3 

0-5 

63-4 

2-8 

100-0 


27-2 260 
5-5 4.5 
53-3 67-5 
— 0^ 
14-0 — 

100-0 100-0 



First analysis most like the exact chemical proportions for the 
entire conversion of carbon into CO without 00a which are 34| per 
cent. CO and 65^ per cent. N. 

Amount of Prunary and Secondary Air should be tried and fixed in 
each case when using regenerator furnaces. 

Best materials only should be used in such settings. 

Areas of openings for introduction of primary and secondary air 
and gas ducts vary considerably, and should all be made so that they 
can be altered as required by a sliding brick or tile. 

Only a comparatively low temperature is required to oonTert fuel 
to CO, and thus the admission of cold air under the furnace bars 
enables the furnace to last long, owing to less wear and tear, and 
prevents the formation of clinker, ash only being found between 
the bars. 

In regenerator furnaces the gases, before combustion, should be of 
uniform quality and temperature, and should then be directed into 
and distributed over all the interior of the setting. 

The arrangement should be such that combustion shall not be 
complete until just before the burnt gases are leaving the setting and 
are about to enter the flues of the regenerator. 

The limit of heat which may be employed in a setting is the fusible 
point of the brickwork in the hottest part, and the producing power 
of the setting is governed by the temperature of its coldest part. 

It is impossible to introduce air into a gas-fired retort setting and 
properly distribute it for combustion, without it becomes heated to 
the "necessary temperature for combustion with the primary gases. 

It is only by analysis of the gases that it can be accurately ascer- 
tained if the primary and secondary air are being uaed in their proper 
proportions. 

With ordinary settings M. Euchre calculates that 12*8 per cent, of 
heat evolved from the coke, ets., is lost by radiation through walls, etc. 



RBGBNERATIVE SETTINGS. 241 

Secondary air should be heated to about 1,800° F. 

One third the heat generated by the combustion of fuel is made 
when CO has been formed, the balance being generated when this 
is converted into COa 

Saving in fuel with generator settings = about 25 per cent. 

„ „ „ „ regenerator „ = „ 50 „ 
Theoretically 1,100® F. are required in the producer. 
Practically 1,800° F. „ „ „ „ 

Composition of producer gases by volume. 

Ideal. Actual. 

CO .... 34*7 per cent. 25*7 per cent. 

CH4 2-75 „ 

. H 65*3 per cent. 14*06 „ 

N 52-74 „ 

COa *-76 „ 

Temperature at combustion chamber . 2,600" F. 

„ „ crown of setting . . 2,400° F. 

„ „ entrance to regenerators 2,150° F. 

„ „ outlet of last waste gas flue 1,000° F. 

The smaller the percentage of ash in the coke used for regenerative 
firing the better, but, if porous, 10 per cent, of ash can give good 
results. 

A vacuum of three-fifths is sufficient at outlet of last waste gas flue. 

Analysis of gas at last waste gas flue : — 

CO . . .0-7 10 . .0 



CO3 . . . 16-6 I N . . . . 83-3 

Of each 1 lb. coke placed in regenerator furnaces, 

18 per cent, is ash, 
78f „ „ carbon, 

31 ), M H. 

Of the carbon 90 per cent, is converted to CO and requires for 
complete combustion about -45 lbs. O. 

For the hydrogen about -26 lbs. is required, or a total of -71 lbs. O 
equal to 3-1 lbs. of ordinary air to be raised, say 1,800° F. 

Specific heat of air = 0-2374, therefore 3-1 lbs. x 0*2374 x 1800 
= 1324-7 units of heat. 

There is always a considerable loss of heat through the N. passing 
away hot into the air. 

No gain of energy with gaseous fuel, but rather a loss. The 
advantages being that the absolute conversion into C0„ can be made 
to take place at any or several desired points, which might be 
impossible to reach by means of direct firing, and, again, the loss of 
heat which is radiated from the furnace in a direct £red oven is not 
80 great, as the intensest heat is only obtained at the point where the 
heat is required. 

aE. B 
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Heat in recuperators should not be more than a dull red below the 
secondary air Inlet, as this will probably mean too little secondary 
air being used. 

No blue flame should be visible at outlet of flue, as this shows 
unconsumed CO. 

About one-third the total heat evolved by the fuel is used in 
transforming the solid into gaseous fuel. 

Producer gas in Siemen's furnace with coal containing 70 per cent, 
fixed carbon, 16 per cent, of coal gas, 14 per cent, ash oxygen and 
nitrogen (coal equals about 7,200 calories). Producer gas consists by 
weight of 16 parts coal gas, 1633 of CO, and 222 of N. 

Coal gas = 10,000 calories, CO := 2,400 calories, then the total 
calories = 551,920 against 700,000 for the coal proper. (Sir J. 
Lowthian Bell.) 

2 to 3 per cent. CO^ in generator gases shows very good working. 
5 to 6 „ „ „ „ fair „ 

10 ., „ „ „ defective „ 

(W. Thomer.) 

Wide furnaces prevent the fire burning too low. 

There should be no exhaust on furnace except when drawing up 
the heats. 

Less air is required with a light than a heavy coke. 

Ordinary furnaces allow a large proportion of the CO to escape 
without being oxidized to COg. 

About 25 per cent, of the heat evolved in an ordinary furnace 
passes up the chimney, of which only one-fourth is required for the 
necessary draught. 

Breeze consists of much earthy matter, and but little carbon, which 
makes it a weak fuel, and much scoriae is deposited when burning it. 

Briquettes are made on the Continent to bum coke dust and tar or 
pitch for heating the furnaces. Tar and coke dust are sometimes 
mixed on the retort house floor and then used as fuel. 

Briquettes are also made by hydraulic pressure, the proportions 
being 10 per cent, pi' ch to the quantity of breeze. 

Clegg stated that when tar was less than Sd. per gallon it paid to 
bum it in the furnaces, at present it only pays to bum when less 
than Id. 

Advantage of tar firing is the slow and even rate of supply as 
compared with coke firing, by which the necessary air supply is much 
lessened, and the consequent cooling effect of the inert gases is not 
so great. 

The superiority of liquid fuel over solid is principally due to the H 
contained in it, H evolving five times the heat, weight for weight 
that carbon does on combustion. 

The use of steam does not appear to have any beneficial effect 
when employed to inject tar into retort furnaces ; it has been shown 
by Mr. Dexter that no increased heat can possibly result by its use, 
but that rather does it tend to lower the heats. 

Twenty gallons tar required to carbonize 1 ton coal equals about 6 
gallons tar per 3 bushels coke. 
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Provide a good quantity of water in the ash pans as the steam 
prevents the formation of clinker, and prevents the over-heating 
of the fire-bars. 

It is a moot point if the water gas made from the evaporation in 
the ash pans is an advantage or not, the amount of heat absorbed in 
converting water to and H being very great, but being taken from 
the lower layers of the furnace it does not materially affect the heat 
of the bulk of the fuel, while the gain from the burning of the 
hydrogen is considerable. 

A jet of steam is of assistance under the bars of generator settings. 

The steam from the ash pans is converted into CO and H in 
passing through the red-hot fuel in the furnace. 

Quantity of water evaporated per furnace per hour equals about 3 
gallons. 

Steam requiral for producer equals about 32 lbs. per 100 lbs. C 
consumed or 3-70 lbs. water per 100 lbs. coal carbonized. 

Clinkering is reduced about one-third in regenerator settings. 

Clinkering should be done often enough to prevent such an 
accumulation as will stop the air- way between the fire-bars. 

Clinker is due to the combination, under the influence of heat, of 
the inorganic, or incombustible matter of the coke (the ash of the 
coal). This consists principally of silica, alumina, lime, iron, &c., 
which fuses together to form a kind of slag. (Hornby.) 

Furnaces require repair about every six months. 

Average life of clay retort 900 working days. 

Clay retorts will carbonize about 4,000,000 cubic feet. 

Iron retorts labout 650,000 cubic feet of gas, and they are done. 

The broken surface of a brick is much sooner acted on by heat 
than is the smooth face which has a protecting skin upon it. Lumps 
are therefore to be preferred where possible. 

The saving due to the producer may be taken at 52*26 per cent. 
V „ regenerator „ „ 47*74 „ 

100-00 



If a blue flame is seen at outlet of chimney of regenerative retort 
settings CO is being passed away, and more secondary air should be 
let in. 

Generator gas should consist of 34*7 per cent. CO and 65-3 per 
cent. N. 

Chimney gases should contain 21 per cent. CO,, 1 per cent. O 
and 78 per cent. N. 

Air rapidly absorbs heat, and when passed over heated surfaces it 
becomes raised in temperature approximating closely to that of its 
surroundings. 

The waste gases in a regenerator setting have been known to be 
reduced in temperature from 1,200"* F. to 500^ to 600° F. by the 
incoming of the secondary air, all of which heat is being saved and 
used again in the furnaces.. 

b2 
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1 lb. C converted to CO, yields 14,644 heat units. 

About double the necessary air required in a direct fired fur-i 
nace. 

By the higher heats of regeneratiye furnaces Mr. Foulis increased 
the producing power of the works 60 per cent. 

One-half per cent, of free in the waste gases may be considered 
good working. 

The depth of fuel should be kept as regular as possible. 

The use of tar as fuel causes difficulty in controlling furnaces, and 
regular and complete combustion. 

The loss of gas from clay retorts in good working order is not at 
all important. (L. T. Wright.) 

However hot the retort, an immediate and heavy fall in temperature 
must follow the introduction of the charge, to be worked up again to 
its maximum in the allotted period. (A. F. Browne.) 

4 per cent, air reduces the illuminating power 25 per cent. 

1 per cent, of common air diminishes the illuminating power 6 per 
cent. 

46 per cent, of air renders the gas non-illuminative. 

1-inch back-pressure in retorts equals l-24th candle power lost. 

The sulphur compounds are decomposed at a temperature of about 
400° P. 

In gas from wet coals the defiant gas is reduced one-third. 

Crude gas contains 4 per cent, by volume of gaseous impurities 
(HnS and COg gas). 

About 1 per cent, by volume of the crude gas is ammoniacal 

About 3 per cent, by volume of the crude gas is CO^. 

About 1^ per cent, by volume of the crude gas is H^S. 

Luting generally made of 2 parts clay to 1 part spent lime. 

If the coke were drawn immediately it became incandescent, say 
about half-an-hour before the charge was done, much of the trouble 
with the sulphur compounds would be avoided. 

High heats give a harder coke generally. 

Gas coke contains C, N, S, H, and 0. 

Coke contains about 88 per cent, carbon. 

Coke when drawn from the retort and slaked contains about 25 per 
cent, moisture. 

Coke averages 1,360 lbs. per ton of coal, with about 4 per cent, 
ash in the coke. About 34 gallons water required to quench 1 ton 
coke, of which not more than 671bs. water remains permanently in 
the coke. 

If steam be introduced along with the air into a coke-making 
plant, a larger percentage of ammonia can be extracted. 

59 lbs. 8bu3k coal required in furnaces to carbonize 2 cwt. coal. 

41 lbs. lump coal required in furnaces to carbonize 2 cwt. coal, 
say 570 lbs. coal per ton. 

In the petroleum -heated locomotives on the Great Eastern Railway, 
a thin coal fire 6 inches thick (an ordinary one being 18 to 24 inches), 
mixed with lumps of chalk to keep the bars covered, is used so as to 
keep sufficient heat up, when stopping, to re-light the oil when 
re-starting. 

NHs in ascension pipes, aay 660 grains per 100 cubic feet. 
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Ken Employed in Xaking say 3,000,000 Cubic Feet per 

(Hand Charging). 

Retort house work only, 17 (first-class) men, made up 
of firemen and scoop drivers .... at 

1 Foreman 

20 (second-class) Men (stokers) 

10 (third-class) Men (fire-rakers) . . . . 

7 Ck>al trimmers 

1 Pipe cleaner 

1 Scurf er 

1 Flue cleaner 

1 Lobby boy 

1 Fitter 



Diem 
8. d. 



5 
7 
5 
4 
4 
5 
5 
5 
3 



7 
6 
4 
5 

9 
9 
6 
6 



6. 



The above represents the number of men employed on each shift of 
eight hours. — (January 13th, 1893.) 



Total Nnmber of Men Beqnired to Charge 240 Retorts with 240 Tons 
of Coal per Diem at Glasgow, Working 8-hoar Shifts. 



(A. Wilson.) 


Manual Labour. 


Machine Work. 


60 Stokers 


6 Charging machine men 


16 Firemen 


6 Drawing machine men 


15 Ashmen 


15 Firemen 


30 Coalbreakers 


15 Ashmen 


10 Bogie drivers 
10 Coke men 
3 Water boys 


10 Coke men 


6 Pipe cleaners 


1 Lid cleaner 


3 Foremen 


6 Lid men 


146 men. 


3 Coal breaker men 




3 Locomotive boys 


Also 7 horses to draw out the 
coke. 


3 Shunters 
3 Foremen 




77 men. 



Number of Men Employed on Furnaces (during 8 hours). 

1^ firemen clean 2 fires and fill 4. 

4 firemen in 24 hours attend 4 fires (cleaned every 6 hours). 
1 fireman attends the equivalent of 6*01 fires (on the ordinary 
open double grate system). 
Number of men employed on furnaces (during 8 hours) of 15 sets. 
" Buffalo Bill " settings (1 furnace to five sets). 
2^ firemen clean 4 fires and feed from the top every 2 hours. 
7| firemen in 24 hours attend 3 fires (fires cleaned every 6 hours). 
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1 fireman attends the eqaiyalent of 12 fixes (on the ordinary open 
double-grate system). 

Each stoker may be made to handle an average of 4 ton coal per 
day. 

Charging should be performed in rather less that one minute. 

The air compressor at the South Metropolitan Gasworks used 
with the West stoking machinery, shows a high duty, the mechanical 
efficiency is 80*3 per cent., the compression efficiency is 82*1 per cent., 
and the air delivery equals 369-3 cubic feet per I.H.P. per hour. 

To Prevent Stopped Pipes they should be kept cool, and light seals 
in the hydraulic maintained in liquor and not tar. 

Space between ascension pipes and front wall of bench should not 
be less than 8 inches. 

Water may be introduced at the top of the ascension pipe and 
allowed to trickle down the sides of the pipe. . 

Stopped pipes sometimes attributed to oscillation and pressure in 
the retorts from the dip and the exhauster. 

Thick tar and soot and stopped ascension pipes are sometimes 
caused by porous parts in retorts, either new or recently cleared from 
carbon, which allow the gas to pass through and bum in the setting, 
while the soot and tar are carried up and deposited in the ascension 
pipe and hydraulic. The obvious cure is to paint the inside of the 
retort after such clearing of carbon and when new, with thin fire- 
clay mortar, and thus close the pores. 



SoggestionB for the Caring of Stopped Aseension Pipes. 

Allow water to trickle down the interior from the top. 

Place a bowl of water, or rag, or waste soaked in oil, small coal 
soaked in water, or pieces of solid grease, inside the retort, just below 
the bottom of the ascension pipe. 

Keep open all doors, windows, or other available apertures. 

Bring a supply of cold air, from outside, to the front of the bench by 
means of pipes. 

Keep the retorts charged to their utmost capacity. 

Lower the heats of the retorts ; this also clears the hydraulic by 
causing oily tar to pass off from the coal. 

Loss from stopped pipes has been known to exceed 10 per cent, of 
the gas to be obtained from the coal. 

Stopped ascension pipes usually caused through excessive heat 
from scttiDg. — To diminish the trouble, walls in front of benches 
should be 14 inches and not 9 inches thick. 

Rapid ra Jiation of heat and smooth interior surface, said to obviate 
stopped pipes, 

To prevent stopped ascension pipes, leave the retort mouthpiece and 
the pipe open to the air. 

The temperature of the pipes must be moderated by a supply of 
water which is led into them by a U-shaped tube screwed into their 
upper ends. The water drips into this tube from a supply above it. 
fi3 to 70 ounces water per retort per liour required. 
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The gas in the ascension pipes is usually of a temperature of about 
200»F. 

Air circulating round the pipes and mouthpieces. 

Water suppli^ internally or externally. 

Liquor supplied internally or externally. 

A lump of coal in the mouthpiece. 

A handful of oily waste in the mouthpiece. 

Animal faX, in the mouthpiece. 

Increase in length of rising pipe. 

Plate or plates inside mouthpieces to prevent radiation of heat 
from inside retort. 

Lining mouthpiece with fire-clay. 

Air or water jacket to ascension pipe. 

Carbon deposited in the retorts is generally increased by increase 
of pressure. 

An oscillation caused by a badly working exhauster causes a 
greater deposit of carbon than a steady exhaust. 

Pressure and oscillation are the chief causes of deposition of carbon. 

The pressure on retorts is sometimes as high as 15 inches water 
where an exhauster is not in use and the carbon deposit is then 
considerable. 

The carbon deposited in the retorts consists of the richest illu- 
minants of the gas which have been solidified instead of carried 
forward in the gas. 

If there be a heavy pressure in retorts some of the hydrocarbons 
are deposited as carbon in the retorts. 

Under pressure some of the most valuable hydrocarbons are 
deposited in the retort as carbon or scurf. 

The removal of the carbon from sloping retorts is easy, as the 
position of the latter causes a current of cool air to pass up when 
both doors are opened. 

Carbon or scurf is removed by a chisel bar, or by allowing the 
oxygen of the air to burn the deposit until it is thin enough to 
remove easily ; this i^ould be done about once a month. 

The carbon in a retort being highly non-conducting, causes con- 
siderable waste of f uel, and should therefore never be allowed to get 
very thick. 

Clay retorts are practically gas-tight up to about ^-inch pressure. 

To prevent carbon deposits, reduce the dip and the back pressure 
as much as possible. 

Table of the Effects of Heat. 



Soft iron melts 
Cast iron melts . 
Gold melts 
Copper melts 
Silver „ 

Bronze „ (copper 
parts, tin 1 part) 



15 



Fahr. 
. 3,946 
. 2,786 
. 2,016 
1,996 
1,878 

1,750 



Degrees 
Fahr. 
Brass melts (copper 3 parts, 

zinc 1 part) . . . 1,690 
Brass melts (copper 2 parts, 

zinc 2 parts) . . . 1,672 
Diamond burns . . 1,652 
Bronze melts (copper 7 
parts, tin 1 part) . . 1,534 
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Table of the Effects of Heat — continued. 





f^hr. 


Degrees. 
Fahr. 


Bronze melts (copper 9 




Steel becomes a full yellow 


470 


parts, tin 1 part) . 


. 1,446 


Steel becomes a pale straw 




Enamel colours burn . 


. 1,392 


colour . . . . 


450 


Iron red hot in daylight . 


1,272 


Tin melts .... 


442 


Iron red hot in twilight 


884 


Steel becomes a very faint 




Iron red hot in dark 


800 


yellow . . . . 


430 


Charcoal bums . 


802 


Tin 3 + lead 2 + bismuth 




Ueat of a common fire 


790 


1 melts 


334 


Zinc melts . • . , 


773 


Tin and bismuth, equal 




Mercury boils . 


660 


parts, melts . . . 


283 


Linseed oil boils . . , 


640 


Sulphur melts . 


218 


Lowest ignition of iron in 




Bismuth 5 + tin 3 -j- lead 




the dark 


635 


2 melts . . . . 


212 


Lead melts . 


612 


Water boils 


212 


Steel becomes dark blue 




Wax melts . . . . 


149 


verging on black . 


! 600 


Tallow melts . 


92 


Steel becomes a full blue 


560 


Acetic acid congeals . . 


50 


Sulphur bums . 


560 


Olive oil congeals . 


36 


Steel becomes blue 


556 


Water freezes . . . 


32 


Steel becomes purple 


. 530 


Milk freezes 


30 


Steel becomes brown, with 




Vinegar freezes . . . 


28 


purple spots . 
Steel becomes brown 


510 


Sea water freezes 


28 


. 490 


Strong wine freezes . . 


20 


Bismuth melts . . . 


476 


Turpentine freezes . 


14 



Colours of Different Temperatures. (Becquerel.) 

Degreeti. 
Fahr. 

WWteheat. . . . 2,370 

Bright white heat . . 2,550 

Brilliant white heat . . 2,730 

Melting point of cast iron 2,786 

Welding heat . . . 2,800 

Greatest heat of iron blast 

furnaces • . . 3,300 





D^ees. 
Fahr. 


Faint red 


960 


Dull red 


. . 1,290 


Brilliant red . 


. 1,470 


Cherry red . 


. . 1,650 


Bright cherry red , 


. 1,830 


Orange 


. . 2,010 


Bright orange . 


. 2,190 



600° F. Faint red in dark room. 
662° F. Mercury boils. 
810° F. Antimony melts. 
1,869° F. Brass melts. 



1,873° F. SUver melts. 
1,996° F. Copper melts. 
2,786° F. Cast Iron melts. 



Temperature of iron when red glow has disappeared, 404° C. 
It is said that no reliability can be placed on Wedgewood's pyro- 
meter. 
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Pyrometers. 

One part of zinc and 4 parts of copper melts at 1,050° C. ; 
1 part of zinc and 6 parts of copper melts at 1,180° C. ; 1 part 
of zinc and 8 parts of copper, at 1,160° C. ; 1 part of zinc and 12 
parts of copper, at 1,230° C. ; and 1 part of zinc and 20 parts of 
copper, at 1,300° C. The difficulty of getting pure metals to make 
these alloys, and of keeping them at the initial proportion, is against 
their use. The expansion of metals, clays, liquids and gases under 
heat is also used with varying success. The Lamy pyrometer, based 
on the decomposition of carbouate of lime under heat, is one of the 
best ; but it will only register between 700° and 900° C. 

Herr C. Schneider proposes the use of nitrifiable test cones, con- 
taining silica 65 per cent., alumina 8*3 per cent., ferric oxide 8*7 
per cent., lime 10*6 per cent., and potash 7*6 per cent., or in vary- 
ing proportions, to test the heat of chambers with heats from 
1,160° C. to 1,700° C. The greater the quantity of silica the more 
refractory the cone, the above mixture melting at 1,150° C. ; and by 
the substitution of 8 per cent, of boracic acid for the equivalent of 
silica the melting point equals 960° C. Or crystallized borax 193 parts, 
marble 50 parts, china clay 52 parts, sand 96 parts, will melt at 960° G. 

Seger's standard fusible cones are used to determine the tempera- 
tures at which fusion occurs. These cones are tetrahedra, compounded 
of mixtures of clay and sand with certain fluxes. For temperatures 
from 1,300° to 1,700° F., soda and lead oxide form the flux ; while 
boric acid is used for temperatures from 1,700° to 2,050° F. The same 
flux is used with gradually increasing proportions of alumina and 
silica up to 3,450° F. The last cones of the series, which are stated 
to fuse at temperatures from 3,500° to 3,950° F., consist of pure 
aluminium silicate. 

Mr. P. Mahler's calorimeter consists of a shell or hollow cylindrical 
vessel, enclosed in another containing water at a known temperature. 
The shell being hermetically closed, pure oxygen, at a pressure of 
several atmospheres, is admitted, and the fuel fired by an electric 
spark, when the pressure of the compressed oxygen causes complete 
and almost instantaneous combustion. The heat generated is trans- 
mitted to the water surrounding the shell, the temperature of which 
rises immediately. Mr. Mahler uses only one grain of combustible. 
When gas is tested a vacuum must be produced in the shell before 
gas is admitted, and the quantity of oxygen necessary for com- 
bustion previously determined. Illuminating gas ignites with oxygen 
at a pressure of five atmospheres, producer gas requires a pressure of 
about half an atmosphere in the oxygen. 

To find temperature of a furnace — weigh a piece of metal, place 
in furnace, withdraw when heated and immerse in a known weight 
of water 

Then Ti = ^ ^ ^^« ~ ^-'^^ + Ts where 

Tj = temp, of metal before immeraion w = weight of water 
Tg = „ water „ „ S = specific heat of pyrometer 

Ts = ,, „ after „ s = „ „ water (=1) 

W = weight of metal. 



250 



GAS BNQINBBR S FOOKET-BOOK. 



Temperature of Fuiioii. 





Degrees. 




Degrees. 
Fahr. 




FahT. 




Tallow . 


. 92 


Antimony . 


810 


Spermaceti 
Wax, white . 


. 120 


Brass . . . 


1,650 


. 154 


Silver, pure. 


1,830 


Sulphur . 


. 239 


GK>ld, coin . . 


2,156 


Tin 


. 455 


Iron,ca8t,medium 


2,010 


Bismuth 


. 518 


Steel . . . 


2,550 


Lead 


, 630 


Wrought iron 


2,910 


Zinc . 


. 793 







Melting Points of Fusible Alloys. 



Tin* 


Lead. 


Bis- 
muth. 


Degrees. 
Fahr. 


Tin. 


Lead. 


Bis- 
muth. 


Degrees. 
Fahr. 


2 


3 


6 


199 


8 


15 


_^ 


430 


1 


1 


4 


201 


1 


2 




440 


8 


2 


5 


212 


8 


17 




450 


4 


1 


5 
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10 




470 


1 


1 


1 


255 




3 




480 


2 


2 


1 


292 




14 


^— 


490 


3 


3 


1 


310 




33 




500 


4 


4 


1 


320 




5 


.— 


510 


U 


1 




330 




25 


_ 


520 


2 


1 




340 




30 




530 


4 


1 


— 


365 




10 


— 


540 


1 


1 




370 




12 


_— 


550 


6 


1 


— 


380 




25 


— . 


560 


4 


7 




420 











An ayerage sample of coal gives the following figures : — 

Carbon (C) 82*12 per cent. 

Hydrogen (H) 6*31 

Nitrogen (N) 1-35 

Sulphur (S) 1-24 

Oxygen (0) 569 

Ash 4-29 



Percentage of coal in its use : — 

10,000 cubic feet gas 
10 gallons tar 
Condensed liquor 
-Coke 



(^Lancet.') 



17 per cent. 

51 

7-9 
70 „ 

(Professor Lewes, 1894.) 



it 

V 
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Approzunate compoiition of bitosiinoiif ooal: — 



c 


80*0 per cent 


N 1'6 per cent. 


H 


50 „ 


50 „ 


S 


1-5 „ 


Ash 3-0 „ 



Moisture 4-0 per cent. Calorific value 8,020 thermal units. — 
(Professor Lewes^ 

• Cannel eoal- specific gp^vity 1*1 to 1*4, organic matter consists of 
C = 70 to 85 per cent. ; = 5 to 15 per cent ; H = 6*5 to 10*0 per 
cent ; N = 1 to 2*5 per cent. : S ^ 0*5 to 2*5 per cent. ; Ash 5 to 
20 percent. 

Aih from average Vewoaatle ooali : — 

Silica 60 

Peroxide of iron 16 

Alumina 12 

Lime 10 

Potash 1 

Magnesia 1 

2 to 4 gallons of water per ton is the ayerage moisture in mechanical 
combination. 

Laboratory tests of coals are generally 15 to 20 per cent higher 
than actual working results. 

About 16 gallons of water are produced by carbonizing 1 ton coals. 

Gas made per ton Gas Light & Coke Co | year to December, 1892, 
10,949 cubic feet. 

Coke made *617 ton per ton. 
Breeze „ *064 



>» 



n 



CO. in crude gas 
H.S ,, ,, 



25 to 3 per cent 



1 to 2 



»> 



CS, is formed by the action of sulphur vapour upon red hot carbon. 

Tar can be carbonized in ordinary clay retorts if allowed to -run 
into the ascension pipe on to a fire clay tile fitted in the mouthpiece 
to prevent any accumulation of tar behind the lids, 40 gallons being 
burnt off in 6 hours. Iron retorts are however better. Tar conduit 
pipes should be large, say 2-inch. 

Paper becomes charred at 400° F. 

Table showing conversion of the elements of coal on carbonization 

C 



H 


N 
S 



I = CH^ & C,H^ etc. 



.=NH, 



>•_ 



=CN 



14*5 



1-56 



-=HjS. 



yes J 



CO & CO, 



I 35*26 free in gas and 
( in tar, 48*68 in coke. 
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A good gas coal should contain as large a percentage of H over 
and above that required to combine with the as possible, and this 
should not be less than 4 per cent., while 6 per cent, will show a 
high quality coal. To obtain the quantity of H which will oxidize 
on carbonization divide the percentage of O by 8 and deduct the 
dividend from the percentage of H. 



Total quantity of carbon in coal 
Gas contains 
Coke and tar 



j> 



» 



» 



V 



82 per cent, 

16 

66 






Caking coal has specific gravity 1*26 to 1-36, and the organic 
matter in it consists of 80 to 90 per cent. C, 4-6 to 6 -0 per cent. 
H, 6 to 13 per cent. O, and 1 to 2-6 per cent. N, average ash 7*5 per 
cent., sulphur 0-6 to 2*5 per cent. (Butterfield.) 





Lancashire 
Coal. 


Newcastle 
Coal. 


Welsh 
Coal. 


Scotch 
Coal. 


C per cent. 

H 

„ 

N „ 

Ash „ 


80-70 
5-60 
8-48 
1-12 
1-50 
2-70 


83-60 
6-28 
4-66 
1-22 
1-25 
4-00 


86-26 
4-66 
2-60 
1-46 
1-77 
3-26 


78-60 
8-33 
8.33 
1-14 
1-45 
4-00 



Coal contains from 50 to 80 per cent, by weight, of carbon. 

Average composition 80 per cent. C, 6 per cent. H, 8 per cent. O, 
4 per cent, ash, 1 J per cent. S, 1^ per cent. N. Coke equals 61 per 
cent., specific gravity equals 1-279, weight per cubic foot equals 
80 lbs. Bituminous coal contains from 6 to 10 per cent, water. 

In most Tare there are 40 per cent, of compounds capable pf 
conversion into illuminating gases. 

An ordinary sample of tar will yield at least 16,000 cubic feet of 
16 candle gas per ton of 200 gallons, with coke, free from ash, weigh- 
ing about 10 cwt., and if produced at proper temperatures equal to 
foundry coke, ammonia equal to the production of 16 lbs. sulphate 
per ton of tar. 

The theory of the tar process as used at Widnes is that a fresh 
charge of coal cools the retort for a time, during which a considerable 
quantity of tarry vapours are being given off from the coals, and 
these tarry vapours are carried along the duct, as the second retort is 
called, and there gasified into permanent gases instead of being 
deposited in the condenser mains as tar. 

The volnme of Qas f^om Wood Charooal amounts to 260 litres per 
kilogramme, and. when prepared on a large scale, it contains CO^ 
9-14 per cent., CO 1808 per cent., H 49-11 per cent., CH^ 1604 per 
cent., O 0*26 per cent., N 7*37 per cent. (Comptes Rendus.) 

Wood Ghis gives about 8,000 cubic feet per ton of poor gas. 

Mr. W. King, of Liverpool, found that the average yield per ton of 
tar thoroughly dried at 212° F. before carbonization was 12,000 cubic 
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feet 01 4-canclle gas, 5^ cwt. charcoal (worthless for fuel), 33 per 
cent. CO, and very little tar. 

By the Dinsmore process, following a coal gas carbonization, 
dbout 10,000 cubic feet per ton of 19-candle gas are obtained from a 
poor coal. 

One Ton Split Wood yields 11,000 cubic feet per ton of 16 
candles, with 4 cwts. charcoal, and 1 to l^cwts. of tar, with a large 
quantity of CO ^ (9 to 18 per cent.). 

Cork refaie made 18,000 cubic feet gas per ton of good quality and 
purity. (N. H. Humphrey.) 

Pine Wood Sawdust carbonized at 1,500° F. yields 12,300 to 15,700 
cubic feet per ton of dried material of 15 candles (specific gravity 
*590 to '620), and contains about 7*5 per cent, illuminants, 33 per 
cent. H, 27 per cent. CH^, 32 per cent. CO. 

High heats, light charges, and plenty of red-hot surface have been 
found best when carbonizing wood for gas-making purposes. 

Feat perfectly dried and compressed yields at red heat 11,000 cubic 
feet per ton of 17 to 18 candle gas with 9 cwts. coke, 15 gals, tar, 
and a quantity of ammonia. (Butterfield.) 

Peat, average composition : Water 16-4, C 410, H 4-3, 23*8, N 2*6, 
ash 11-f ; sp. gr. 1*06 ; gives 8,400 B. T. U/s per 1 lb. 

The tar should be removed as soon as its temperature is down u. 
100° to 110° F. 

Gas washed with the heavier hydrocarbons, as in a tar seal in p 
hydraulic main, absorbs a number of the lighter hydrocarbons which 
woald otherwise remain in the gas and give it a higher illuminating 
power. 

If too much tar is allowed to remain in the hydraulic main, the 
heat of the incoming gas gradually boils ofE the lighter oils and 
causes the formation of pitch. 

The gas which enters the hydraulic main from the ascension pipe, 
carries with it a number of hydrocarbon vapours, condensing at from 
140° to 160° F. 

Mr. L. T. Wright proposed to run in water to keep the temperature 
of the hydraulic main at about 100° F., and thereby reduce the 
quantity of impurities in the gas. 

The lighter hydrocarbons which condense at temperatures above 
100° F., do not injure the illuminating power of the gas, and may 
absorb any excess of napthalene. (Herring.) 

If a hot liquid is used in the hydraulic mains, weak ammoniacal 
liquor would be likely to liberate its ammonia, and increase the 
amount of that impurity to be removed later on. 

Gas as it leaves the retorts is enveloped in very minute tarry 
vesicles which require friction to break thtm up. 

Gas on leaving the dip-pipe should pass through water and not tar. 

Liquor may be run in to replace tar in hydraulic twice a day. 

Hydraulic main tar will, at 130° F., dissolve upwards of 70 per cent, 
of napthalene, so that it will be seen what a powerful factor in re- 
moving this is eliminated by using liquor seals in the hydraulic mains. 

The liquor in the hydraulic main consists of sulphocyanide and 
hyposulphate of ammonia, also some carbonate and sulphide. 
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Anti-dip-pipes should be worked so that there is a pressure in the 
retorts, and then no deleterious gases are drawn in through cracks in 
the retorts. 

Mr. Gandon found an increase of 300 to 400 feet per ton with anti- 
dip pipes. 

At outlet of hydraulic main '3 to -5 of the condensable constituents 
are deposited. (Professor Wanklyn.) 

Half to one- third the condensable vapours are deposited in the 
hydraulic mains. 

Crude gas contains about 143 grains ammonia per 100 cubic feet, 
2*95 per cent. H.S., 2-04 per cent. COj. 

In the hydraulic main, for every 100 volumes free ammonia there 
are about 24 volumes CO, and 11 volumes H,S. 



Temperatures found in Ascension Pipe. (W. Foulis.) 

18 Inches flrom 12 Feet fh)m 22 Feet from 

Mouthpiece. Mouthpiece. Mouthpiece. 

890° to 518° F. 444° to 167° F. 246° to 144° P. 

Temperature in retort, 18 inches from mouthpiece, 1,110° to 1,640° P. 

Temperatures fell as above during charge, always getting lower as 
charge was worked off. Gas made equalled 10,000 cubic feet per ton. 

If only 6,000 cubic feet per ton were being made, temperature, at 
1 8 inches from mouthpiece, in ascension pipe would probably be only 
400° to 600° F. 

Temperature of gas leaving hydraulic main, 50° to 60° C, or 110° to 
150° F. 

Temperature of gas leaving condenser, 16*6° C. 

Temperature of foul main averages about 110° F. to 138° F. 

Usually considered, the temperature of gas in leaving the retort 
•quais 200° to 300° F., but unless it is as high as 480° F. thickening 
Df the tar in the hydraulic, and choking of the ascension pipe will 
certainly occur. 

The gas leaving a retort freely has only a temperature of 220° to 
830° F., owing to the great absorption of heat on its assuming a gaseous 
form. 

Temperature of gas 3 feet above mouthpiece 150° to 170° P.; 17 
feet from mouthpiece 120° to 135° F. 

M. Euch^ne gives (1900) chimney gases, ordinary retorts, 1,787° F. 
Temperature in gas in retort, at first 1,166° F., at end of charge 1,365° P., 
average 1,260° P., but as the volatile products come off early, average 
taken as 1,202° F. Temperature in retort mouthpiece from 788° F. 
to 824° F. Temperature in hydraulic main 176° F. Temperature in 
charge in retort 932° F. in first half-hour, rising to 1,740^ F. during 
distillation. 
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coKDEHsnre. 

The Produeti of one Ton of Vewcastle Coal after Carboniiation 
are: — 

Lbs. Per Cent. 

10,000 cubic feet of gas . 380 . . 170 

10 gallons of tar . . . 115 . . . 5*1 

Virgin gas liquor . . 177 . .7-9 

Coke 1,568 . . . 700 



2,240 1000 



One ton of coal yields 5 per cent, weight of tar (approximately). 
(Wanklyn.) 

About 8 feet of H^S is contained per 1,000 cubic feet of Newcastle 
coal gas. 

About 25 cubic feet of COj, is contained per 1,000 cubic feet of 
Newcastle coal gas. 

7 to 12 per cent. CO is present in coal gas. 

CO has a greater diluting effect than H. 

H has a greater diluting effect than marsh gas. 

10 to 13 gallons tar, and 13 to 30 gallons water are deposited bj the 
time the gas reaches the outlet of the condensers. 

The idea which some engineers had of leaving the gas with the tar 
as long as possible was, that they believed the latter absorbed CO^ 
and HgS, but the quantity of rich hydrocarbons also absorbed was 
not taken into account. 

Doing away with the condenser at Richmond practically raised the 
illuminating power of the gas f candle. (T. May.) 

If gas be condensed below 45° F. the illuminating power is reduced, 
extreme cold having a detrimental effect on the illuminating power. 

The tar should be removed from the gas as soon as possible until 
the latter has been, cooled to about 105° F. 

If the heavy tar oils and pitch are allowed to continue with the 
gas which is above 90° F. they absorb hydrocarbons from the gas. 

The gas enters the condenser main at about 122° F. 

The temperature of the gas should be gradually reduced to 90° F. 
before it enters the condensers^ 

Condensation is required to remove all the tarry vesicles, and if 
this be done the temperature of the gas may be left to take care of 
itself as it will be cooled lat^r on to atmosplieric temperature. 

The condensers are best kept at the normal temperature of the air. 
If above or below this, the action of the purifier is interfered with. 

Much inconvenience in scrubbers ard washers may be avoided by 
antinging condensers so that the gas is not cooled excessively. 

If the gas is not properly condensed before it enters the scrubbers 
the eflSciency of the latter will be impaired. 

The richer the gas the greater the loss of hydrocarbons by exposure 
to low temperature. 
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When the condensation is carried below 60° F., and friction is 
made to take place napthalene is frequently deposited. 

It is better to have napthalene in the works than in the district. 

Vapthalene deposition in the works can be prevented by the use of 
liquor seals in place of tar, by quickly removing the tar from contact 
with the gas, and by long condensing or foul mains. 

Keeping up the temperature at outlet of condensers to 60° to 75° F. 
will prevent the deposition of napthalene at that point, but may send 
it into the district. 

It has been suggested to keep the temperature of the tar and 
liquor in the hydraulic main at about 100° F. so that the tar may 
retain a portion of the napthalene and bi-sulphide of carbon which 
it will not do at 160° F. 

If gas is thoroughly dried no napthalene is deposited. 

One method of clearing the napthalene from condensers is to run 
a small stream of liquor periodically into the first three or four 
compartments. 

Poor gas may tend to the deposition of napthalene as certain 
hydrocarbons have the power of carrying others of different specific 
gravity. 

A sudden cooling of the gas causes deposits of hydrocarbons and 
napthalene. 

Napthalene fuses at 176° F., boils at 423° F., is not soluble in 
water. 

To cure this trouble avoid wet coal — ^keep your heats as even as 
possible. 

Tests for Kapthalene. 

Dilute ammoniacal liquor with sulphuric acid, and if napthalene 
be present it becomes rose colour and smells of napthalene. 

Redden liquor with nitric acid super-saturated with muriatic acid. 
If napthalene be present it will tinge a piece of firwood a rich 
purple. 

In order to dissolve napthalene in the condensers, Mr. Carpenter 
arranged a condenser to be reversible. When the outlet became 
partly choked it was made the inlet. The tarry vapours of the hot 
gas dissolved the deposit, which was quickly run off by the seals. 

The liquor from the condensers contains sulphocyanide, sulphate 
and hyposulphite among the fixed salts of ammonia. 

Analysis of Crnde Gas leaving Condensers. (Butterfield.) 

NHs . 

H2S 

C>d2 • * 

Cyanogen 
Kapthalene 



By Volume. 




Per 100 Cubic Feet. 


0-65 to 0-95 per 


cent. . 


. 200 to 300 grains 


1-2 „ 1-8 „ 


V • 


. 980 , 1470 „ 


0-9 „ 1-6 „ 


» • 


. 570 , 950 „ 


0020 „ 0-035 „ 


n • • 


. 28 „ 50 „ 


0*05 „ 0-10 „ 


n * 


. 60 „ 100 „ 


0-005 „ 0-015 „ 


» • 


. 13 „ 35 „ 
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Analysis of Crude Gas Leaving Condensers. 
(Prolessor Wanklyn at Soath Metropolitan Gas Co., Old Kent Boad.) 



In 1000 volumes SH, equals 

CO, equals . 
NHg equals 









12*1 Yolumes. 
15 
3-6 „ 



Impurities in Condensed but Unwashed Gas. 
(Lewis T. Wright.) 





CO, 


H.S 1 


Grains per 
Cubic Foot. 


Volume 
per Gent 


Grains per 
Cubic Foot 


Volume 
per Cent 


Newcastle 

Yorkshire Silkstone 
Derbyshire „ 
Cannels . 


12 

12 

12 to 19 

30 


1-5 

1-5 

1-5 to 2-3 

3-7 


9 

8 
6 to 12 
3 to 6 


1-4 
1-8 

1 to 2-0 
0-5 to 1-0 



Tar made peAton, Gras Light and Coke Co., half-year to December, 
1892, 10-58 ^lons. 

Average Analysis of 0as (Kewcastle Coal) after Condensers. 

. 3'0 per cent 
. . 1-7 
. 0-7 

. . oa 

. 0-03 

. . 0-01 „ 
(Butterfield.) 
NHs at outlet of condensers, say 300 grains per 100 cubic feet. 



H • • . 


47 per cent. 


N 


Methane . . . 


35 „ 


HaS 


Carbon Monoxide . 


5 


NH, . 


Hydrocarbons 


3-6 ., 


Cyanogen 


light 


1-0 ,. 


C8, . 


CO, • • . . 


1-5 , 


Napthalene 



»» 



OE. 
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SXHAVSTBB8, ETC. 

By exhausting at 120° F., and passing gas direct to the scrabbers^ 
an increase of from '5 to *76 candle resisted at Croydon. To relieve 
the consequent back pressure in scrubbers, warm water was tried, but 
nearly double the water was required to remove the ammonia from 
the gas. 

When byepassing the condenser the exhauster frequently becomes 
choked vnth sticky tar. 

Temperature of gas at exhauster usually 110*' to 120° F. without 
londensers giving 1 10° F. at inlet of condenser. 

Increase of pressure raises the inflammability of gaseous mixtures 
having a combustible gas as one of their ingredients. 

One of the evils of over-exhausting is the admission of furnace 
gases with the coal gas, and the consequent deterioration of the 
illuminating power of the latter ; another is the increase of fixed 
ammonia and reduction of free ammonia by the admission of air or 
furnace gases. 

1 per cent, air has no effect on illuminating power. 
2^ per cent, air lowered 17-candle gas to 13*45 candles at Bamsgate. 
" » >i »» j> lo'Ot „ „ 

" » »» M »» 10*59 „ ,1 

Vie Creoiote Oil ai a Labrioant for foul gas exhausters (Mr. Bacon, of 
B. Donkin & Co.)* It is also said that castor oil forms the best 
lubricant for exhauster, and should have specific gravity *960 ; if 
below '955 it is impure. Another test of purity consists in adding 
zinc chloride, and then, if pure, the oil will turn yellow. 

Sperm oil may also be tested with zinc chloride, but this, if pure, 
turns milky. 

For lubrication of the working parts of the exhauster, a mixture of 
pure colza, tar, oil, and naptha has been found the best for the purpose. 

In the use of * oil for lubrication uniformity of distribution is as 
important as the regularity of supply. A dry spot on a bearing will 
at once cause heating, and, if allowed to continue, cutting will be the 
result. No oil has yet been made that can economically lubricate all 
the journals of a mill. An oil running a heavy engine would not do to 
run a spindle or a fast-revolving dynamo. The former runs slowly, 
and has great pressure and strain on its journals, and consequently 
requires an oil that will not spread too quickly, but with low gravity 
and high viscosity. The latter needs a pure mineral oil, viscous and 
quick spreading, to enable it to enter into the closest parts of the 
bearing as rapidly as the speed at which it revolves necessitates. 
Mineral lubricants, or compounds of mineral and animal, are the 
safest, and produce the best results. Professor Thurston says, 
" Rancid oil will attack and injure machinery. Mineral oil does not 
absorb oxygen, whether alone or in contact with cotton waste, and 
cannot, therefore, take fire spontaneously ; animal and vegetable oils 
do. Mineral lubricating oiLg are used on all kinds of machinery : 
they are the safest and cheapest lubricants, and generally superior to 
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animal and vegetable oils and greases." A mineral oil flashing below 
300° is unsafe. Gamming is due to the action of free acid upon the 
metal bearings of machinery. J. J. Redwood remarks, ^' Mineral oil 
has the least action on metals, none on iron or brass ; tallow oil 
has most action on iron ; castor, olive, and lard oils have most action 
on brass ; rape seed has most action on copper." 

Heat of Combustion of Various Fuels. 



Substance. 



Average Heat f roin 

1 lb. Fuel. 

Thermal Units. 



Carbon (pure) 

Coal gas 

Coal gas, per cubic foot, at 62'^ F 
Coal, good average quality . 

Coke 

Hydrogen .... 
Feat (dessicated) 
Peat, 25 per cent, moisture . 
Petroleum oils (benzine, etc.) 
Petroleum crude . 
Petroleum refuse, " astaki " 

Straw 

Sulphur 

"Wood, air dried . 

Wood, dessicated 

Wood, charcoal dessicated . 



14,560 

17,800 

630 

14,700 

13,500 

62,000 

10,000 

7,000 

27,500 

20,400 

20,000 

8,000 

4,000 

8,000 

11,000 

13,000 



Equivalent 

Evaporation from 

and at 212' P. 

I)er lb. of Fuel, 

in lbs. Water. 



15-07 

18-43 

0-70 

15-22 

13-87 

64-20 

10-35 

7-25 

28-56 

21-13 

20-70 

8-40 

4-14 

8-28 

11-39 

13-46 



Theoretically, 11 lbs. air is required per 1 lb. coal to supply the 
necessary oxygen ; practically, 22 lbs. air is required. 
1 lb. coke evaporates about 9 lbs. water. 
1 lb. „ „ „ |th cubic foot water. 

1 lb. coal „ „ 9 lbs. water. 

1 lb. slack ,, ,, 4 lbs. 



» 



Pounds of Water Evaporated per lb. of Fuel. 

(B. Donkin & Co.) 

Breeze or dust gas coke as burnt on Perret's grate, 5^ lbs. water. 
Dust Welsh coal „ „ „ 8J 

Ordinary Welsh coal on ordinary grate . . 9 
Large gas coke „ „ . . 7J 



it 



Another authority gives : — 

Lbs. of water evaporated at 212° per lb, of fuel. 
7-4 lbs. per lb. breeze. 
7*5 lbs. per lb. coke. 
11-4 lbs. per lb. Welsh coaL 



b2 
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Belative Heating Power of Fuel. (Fritz.) 





Lb6. of Water Evaporated by 1 
lib. of Fuel. 1 


Fuel. 


Theoretical. 


In Steam 
Boilers. 


In Open 
Boilers. 


Anthracite 

Coal 

Charcoal. 

Coke 

Brown Coal . 

Peat 

Wood .... 
Straw . ... 
Ga8 reduced to lbs. coal . 


12-46 
11-51 
10-77 
9 to 10-8 

7-7 

5-6 to 7-4 

4-3 to 5-6 

3-0 


5-2 to 8 
6 „ 6-75 
5 „ 8 
2-2 „ 5-5 
2-5 „ 4-5 
2-5 „ 3-75 
1-86 „ 1-93 
4„6 


5-2 
3-7 

1-5 to 2-3 
1-7 „ 2-3 
1-85 „ 2-1 



In heating boilers the average amount of theoretical heating power 
of fuel that is utilised is only 47 per cent., the remainder being lost 
through imperfect combustion, radiation, and other causes. 

Eraporatiye Power of Fuel. 

Another set of tests gave : — 
1 lb. coke evaporates 9 lbs. water (feed water supplied at 212° F.). 



^ „ coal 
1 „ slack 






9 
4 



?> 
2i 



» 



It 



1 „ oak (dry) „ 
1 » pine „ 

An average of 27 coals for fuel measured about 40^ cubic feet per 
ton. 

Cost of evaporating 10 lbs. of water from steam boilera 

Breeze at 4/6 per ton ss 0-036(2. 
Coke at 12/- per ton = 0-097rf. 

Welsh coal at 20/- per ton = 0-107rf. 

Coke and coal are usually considered of equal calorific value, weight 
for weight. 

Boiler should be fed by small quantities and often, so that the 
draught of the chimney does not carry away the fuel improperly com- 
bined to form a permanent invisible gas ; smoke is only the re- 
condensing of gases that having been liberated by heat, have been 
allowed to cool back again and lapse back to their constituent parts 
before chemical union has arranged their molecules so as to render 
them invisible, when they enter the atmosphere and become absorbed 
in it 

Andrew*8 patent fuel for boilers and retort furnaces consists of 
40 gallons tar to 1 chaldron (21^ cwt.) breeze, and sets hard in a few 
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Average Water Conenmption in Steam Engines. 



Non-oondensing 


. 25 to 40 lbs. per I.H.P. per hour. 


Condensing 


. . 18 „ 30 jf „ „ 


Compound 


16 ,, 20 ., „ „ 


Triple expansion 


• • 13^ „ 16 „ „ „ 



He^t feed water of boilers to 212° F. if possible. 
The usual course adopted by the engine and boiler minders is to 
inject tallow into the boiler to prevent priming. 

To Prevent Boiler Incrustations. 

Two ounces muriate of ammonia in boiler twice a week. 

Carbonate of soda. 

Frequent blowing off. 

Any fatty deposit on the interior surface of a boiler-plate greatly 
hinders the transmission of heat. (J. Hirsh.) 

Use caustic soda and soda ash for prevention of depositions of 
carbonate and sulphate of lime in boilers. 1^ ounces pui:e caustic 
soda per 1,000 gallons for each grain carbonate of lime in feed water, 
and If ounces carbonate of soda (soda ash) per 1,000 per grain* 

Remove all sediment from boiler through blow-off cock every 
twelve hours. 

Ordinary feed water may be said to contain '05 per cent, solid 
matter, or 35 grains per gallon (in a boiler of 100 H.P. this equals 
1 lb. solid matter deposited per hour). By heating the feed water a 
large proportion of tnis may be kept out of the boilers. 

Test for Pare Water. 

1. Evaporate a few drops on a piece of glass ; scarcely a trace of 
solid matter should remain. 

2. Add nitrate of silver ; no turbidity (indicating chlorides or 
hydrochloric acid) should be produced. 

3. Add chloride of barium ; there should be no turbidity (indi- 
cating sulphates). 

4. Add oxalate of ammonia ; there should be no turbidity (indicat- 
ing lime). 

5. Add hydrosulphuric acid; there should be no dark tinge 
(indicating lead or copper). 

Carbonates of lime and magnesia are deposited slowly at 150® F., 
but at from 280® to 300° the deposition is rapid (except 2 or 3 grains 
per gallons, which remains dissolved). 

Sulphate of lime is deposited at 307®. 

11 lbs. air required theoretically for 1 lb. coal burnt, but double 
this necessary with natural draught in boilers. 

The proportion of carbonic acid gas in the boiler flue should lie 
between 11 per cent, with bituminous and 15 per cent, with anthracite 
coals, with a small percentage of oxygen and no carbonic oxide. 

Heat at outlet of chimney may be reduced to 300® C. without 
injury to draught. 

When a jet photometer is fixed in the exhauster house, the gas 
should be purified by means of small lime and oxide purifiers before 
admission to the photometer. 
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WASHING AHD 8CBVBBIKG. 

Gas should be free from tar before it enters the washers and 
scrubbers, or the efficient working of the latter will be impaired. 

Clean water scrubbers require from 2 to 3 gallons water per 
] ,000 cubic feet of gas passed through them. 

Quantity of water required in standard washer scrubber 10 gallons 
per ton. This removed 241 grains NHg and reduced the CO^ and 
HgS some 30 per cent. ; 50 square feet of wetted surface is exposed 
to the gas per cubic foot of machine. 

13-7 gallons of water used in Kirkham Hulett and Chandler's 
washers per ton of coal carbonized and liquor produced was of 
15 ounces strength. (King's Cross Works, 1881.) 

Water at ordinary temperature absorbs 700 times its volume of 
ammonia gas. 

Cold water will absorb about 1,000 times its bulk of ammonia gas. 

Water in scrubbers should not be lower than 50" or hydrocarbons 
will be deposited. 

At a temperature of 60° F. liquor of 14 ounces strength cannot 
reduce the ammonia in the gas it is in contact with to a lower degree 
than 54 grains per 100 cubic feet. (L. T. Wright.) 

At a temperature of 183° F. water will not absorb ammonia. 

Where there is plenty of washing and scrubbing room, water at 
70° F. has been used and good results obtained. 

If the water used to abstract ammonia is warm it wiil afterwards 
freely give oif ammonia into the air. 

The water used in scrubbing has a distinctly deteriorative action 
on the illuminating power of the gas. 

If gas be lowered in temperature below 40° F. it has to be raised 
in scrubbers, and napthalene will be deposited in them. 

Average yield of ammonia per ton equals 6*8 lbs., or 1*5 per cent, by 
volume, or 467 grains per 100 cubic feet at outlet from retorts. 

About one-half of the total ammonia in the gas is removed by the 
scrubbers. 

NHg removed by condensation , . . 42*7 per cent. 
NHg „ first scrubber . . . 43*3 „ 

NHg „ second „ . . .14*0 „ 

(C. Hunt.) 

Ammonia is produced in a greater amount during the earlier period 
of the charge, and cyanogen during the latter hours. 

Lancashire and Yorkshire coal generally contains a larger propor- 
tion of ammonia than Durham coal. 

The ammonia in Midland Counties coal varies from 62'7 to 
141'2 ounces per ton. 

Equal and thorough wetting of the material in the scrubber is 
necessary to ensure good working. 

With tower scrubbers extreme cold may have a detrimental effect 
on the illuminating power. 
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About 26 to 36 gallons of 10 ounce liquor are produced per ton of coaL 

If gas be passed through a coke or clinker-filled scrubber, saturated 
with tar. it will injure the gas by as much as 2 candles. 

A lead-lined scrubber containing weak acid might be used for the 
elimination of the last few grains of ammonia, and thus water be saved. 

If liquor which has once passed through a scrubber be purified 
partly from H,S and CO,, it can be made to remove nearly all the 
H,S and much of the GO, when used again in the scrubber. 

In ammoniacal liquor, |ths of the ammonia is combined with CO. 
and H,S and can be freed by boiling, the remaining |th is combined 
with hydrochloric, sulphuric, and other acids which cannot be freed 
by boiling. 

1000 cubic feet crude Newcastle coal gas contains about 8 cubic 
feet H,S, 25 cubic feet CO,. 

About eight times the ammonia present in the crude gas would be 
required to eliminate all the CO, and H,S in the gas. 

A strong solution of ammoniacal liquor is required to effectually 
remove as large a proportion as possible of the H,S and CO, from the 
gas in the washers. 

Of the total volume of ammonia in the gas there will be 1*2 per 
cent, available for combining with the CO, and the hydro-sulphuric 
acids which will be able to remove 0*6 per cent, of CO, and 0*18 per 
cent. H,S. 

One combining equivalent NH, will absorb CO, or H,S to the 
extent of 1^ to 1|^ combining equivalent of one or both of these acid 
bodies. (Butterfield.) 

100 volumes NH, combine with about 12^ volumes H,S. 

100 volumes NHg combine with about 50 volumes CO,. 

In a washer using 7 ounce liquor which thus became one of 14 
ounce strength, the latter was found to contain 5,000 cubic inches of 
CO, and H,S equal to 357 cubic inches per ounce of strength, and the 
cost of dry purification by the dry process was reduced by 20 per cent. 

Maximum tension of ammonia gas in coal gas is about 0*45 inches 
mercury. 

When the quantity of water is reduced owing to smaller makes, 
the impurities in the gas travel further forward in the apparatus 
before being removed from the gas. 

Scrubbers remove about 2 grains CS, per 100 cubic feet. 

Ammoniacal liquor will remove ammonia from the gas in propor- 
tion to its own strength of ammonia only, therefore too strong 
ammonia used over the first scrubber may have the eSect of increas- 
ing the quantity of the ammonia in the gas if the amount present 
before the gas enters the scrubber is less than the equivalent quantity 
in the liquor being used for washing purposes. 

In gas liquor of average strength there is generally from 60 to 70 
per cent, by volume of carbonic and hydro-sulphuric acid in pro- 
portion to the volume of ammonia. 

1 gallon 10 ounce liquor contains 4,704 cubic inches CO, and 
1,362 cubic inches H,S, with 6,066 cubic inches other foul gases or 
equal to 57 cubic feet CO,, 16 cubic feet H,S. (G. Livesey.) 

1 cubic foot NH8 = 316-77 grs. 
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The most probable propo rt ion of ammoiite to CO, in gas liquor 
wonld be 2 yolames KfiL, to 1 Tohune CO^ bat with KH, and 
H,8, 1 of NH, to 1 of H,S is more likely. 

Ammonia combines with CO* to form ammonimn bicarbonate 
(NH^HCOp. 

Ammonia combinea with H,S to form ammonium snlphohydiate 
(NH^HS) ; or. 

Ammonia combines with CO, to form ammonlom monocarbonate 
O^H,).CO^ 

Ammoma combines with H,S to form ammoninm solphide. 

Ammoniacal liquor is a weak solution of ammonium bicarbonate 
(NH^HCO,), ammonium sulpho-hydrate (NH.HS), together with 
apraedable quantities of sulpho-cyanide (NH^CNS) and thio-sulphate 



Analysis of Ammoniaeal Liquor. (Professor Lewes.) 







Orammes per Litre. 


Ammonia sulphide 1 ^j,,^ 
„ carbonate T'^ 


3-03 
39-16 


„ chloride \ 




14-23 


„ thio-cjanate 




1-80 


,, sulphate 


•Fixed 


019 


jj thio-sulpbate 




2-80 


„ ftjrro-cyanidej 




0-41 



Water will dissolve at 60^ F. and 30 inches barometer, an equal 
volume of CO.. 

Water will dissolve at 32° F. If volume of COj. 

Water will dissolve at 23° F. 4-37 volumes of H,S, and -001 volume 
of CS,. 

Water will dissolve at 60° F. and 30 inches barometer 783 volumes 



of NH,. 



Water will dissolve at 183° F. no NHs. 

1° Twaddel equals about two ounces strength by distillation. 



Factor for Bendsring Degrees Twaddel into Ounces Strength. 

(Lewis T. Wright.) 



Dencriptlon of Liquor. 


Saturation. 


DistiUation. 


Natural 

» ..... 

„ cannel coal . 
Final product . , . . 
ji »> .... 

» « • • • • . 
From clean water scrubbers 


2-18 
1-80 
1-68 
1-62 
1-68 
1-59 


2*54 
2-43 
2-22 
2-00 
2-04 
1*92 
1-64 to 1-83 
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Caking coals contain from 1*56 to 1*9 per cent. N, but of this amount 
only 11'59 to 15-72 per cent, comes off as WHs during distillation. 

Yield of ammonia greatest at medium heats. (L. T. Wright.) 
, Of the total N in the coal, 14-5 per cent, passes off as ammonia, 
1*56 per cent, as cyanogen, 48*68 per cent, in coke, 35*26 per cent, in 
the gas. ' (Professor W. Foster.) 

The greater the proportion of fixed ammonia the less the purifying 
power of the liquor for the elimination of H,8 or CO,. 

The liquor from the scrubbers contains carbonate and sulphide of 
ammonium, some free alkali and sulphocyanide, hyposulphite and 
sulphate. 

If sufficient ammonia be presented to the crude gas all the 
H,S, CO,, and C.S will be removed. 

If liquor could be made to give off the H,S and CO, which it has 
taken up in the scrubbers and could be used over again these 
impurities might be removed almost entirely by the ammonia. 

Hill's, Prooeii of "ammonia purification" consists of bringing the 
liquor, after use in the scrubbers, to nearly boiling point, when the 
CO, and H,S are driven off and the ammonia can then be used again 
in the scrubbers for the further elimination of CO, and H,S. , 

By Hill's process the liquor was heated to 180° F., when the 
CO, and H,S were driven off as follows :— NH4HCO8 = NHj + H,0 + 
COL, and NH4HS = NHg + H,S. 

To prevent the loss of ammonia the gases were passed through a 
scrubber supplied with liquor at 160** F. which it was supposed would 
arrest any ammonia gases. To obtain sufficient ammonia to remove 
all the CO, from the crude gas, the liquor has to be treated twice for 
the lemoval of the CO, previously taken up* 

Cyanogen. — The quantity of cyanogen recoverable from coal gas 
varies with the temperature of carbonization, from 5,000 grains with 
low heats to 10,000 grains with high heats per ton of coal. 

The most favourable temperature in the retorts for the formation 
of cyanides equals 2,200° F. 

Cyanogen is the gaseous compound of carbon and nitrogen. 



To Becover the Cyanogen. 

First remove all the NH, and then pass the gas through soda or 
potash in solution in presence of an iron salt, when from 4 to 4^ lbs. 
of crystallized ferrocyanide of soda or potash is recoverable per 
ton of coal. 

Spent products in gas works rarely contain more than 15 per cent, 
of ferrocyanide of potassium. (M. Perthuis.) 

Ammoniacal liqnor made per ton. Gas Light and Coke Co. half 
year to December, 1892 : — *279 butts per ton of 10 ounce strength 
by distillation, 
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Impnritiei in Coal Gas after pasimg Serabben. 

(Butterfield.) 

H,S 500 to 800 grains X 

CO, 700 to 1,100 „ L per 100 cubic feet 

CS, 30 to 45 ., j 

Average Gompofition of Gas after leaving Sombben . 

(Professor V. B. Lewes.) 

H 48*55 per cent, by volume. 

Methane 39-70 „ 

lUuminants 3*30 „ 

CO, 2-50 „ 

CO 200 „ 

O 0-46 

N 3-50 „ 

If the scrabbing is properly done, the gas should not contain more 
than 1-4 per cent. CO,, 0*3 per cent. H,S, and from 38 to 42 grains CS, 
per 100 cubic feet with no ammonia. 

Gas after leaving scrubbeis contains about 400 grains H,S and 35 
to 40 grains CS, and other sulphur compounds. 

There is generally some ammonia (say 50 grains per 100 cubic feet) 
at outlet of tower scrubbers, bat if a washer-scrubber be in use the 
quantity will be reduced to 2 grains per 100 cubic feet. 

When water contains even traces of ammonia it will not take up 
the hist grains of ammonia from the gas. 

The formation of cyanogen compounds is due to a secondary 
reaction between the ammonia primarily formed and the glowing 
carbon: Cj + 4NH8 = 2NH4CN -f 2H, ; this requires a high 
temperature. 
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PUJELJJfYIKG. 

Gas loses about 3 per cent, by volume iu passing through the 
purifiers, due to the elimination of the CO, (2*25 per cent.) and H,S 
(0'7B per cent). 

25 cubic feet of CO, per 1,000 cubic feet gas reduces illuminating 
power abofjt two candles, or, in other words, 1 per cent. CO, 
diminishes illuminating jx)wer 5 per cent., if gas is of 16 c. p. 

CO is present in coal gas to the extent of from 3 to 8 per cent. 

I'l per cent. S in coal equals 1*2 per cent, of H,S in the gas. 

(Butterfield.) 

Crude gas contains about 8 feet of sulphuretted hydrogen per 
1,000 feet of gas from Newcastle coal. 

Sulphuretted hydrogen is 1 part H, 16 parts S; specific gravity 
is 1*178 ; 100 cubic inches weigh 36*51 grains. 

In ordinary use a purifier is turned off before it has ceased to 
remove H,S, the usual test being that the next box shows a foul test. 

Oxide of iron will at times absorb CS,, but will again give this off 
quite suddenly, possibly owing to the affinity of S for CS,, which can 
be disturbed by a slight increase in temperature. 

If gas conf/aining CS, is passed through a mixture of sawdnst and 
sulphur the quantity of CS, will be reduced 50 per cent. 

Oxide of iron, after fouling, contains some free sulphur and iron 
sulphide ; and revivification converts this into sulphur and hydrated 
iron oxide by the action of moisture and air. 

Analyiii of Bog Ore (Dry basis). 

Ferric oxide 60 to 70 per cent. 

Organic matter 15 to 25 „ 

Silica 4to 6 „ 

Alumina 1 „ 

When in use the material would contain about 30 to 40 per cent, 
water. 
Bog ore is a hydrated sesquioxide of iron (Fe„ 0,, 3 H,0). 

Composition of Bog Ore : — 

H,0 50 per cent. 

Hydrated oxide of iron, active . 20) «« 

,, „ „ inactive .12) " 

Vegetable matter 18 ,, 

Bog ore when ready to place in purifier should only contain 
25 per cent, moisture. 

WoBtbnry Katural Oxide oontains about — 

66 per cent, hydrated peroxide of iron, 
28 „ earthy matter, 
6 „ uncombined water. 

(N. H. Humphreys.) 

Bog ore contains 30 per cent. Fe„ Og, and 55 per cent, moisture. 
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Analyiii of O'Keiiri Oxide. (June, 1875.) 

Water per cent 22-30 

Fibre 11-60 

Peroxide of iron 65*42 

SUica -57 

lioea -11 



100-00 



One cubic foot of oxide weighs 56 lbs. 

" One ton of oxide should eliminate the H^S from 3,000,000 cubic 
feet of Newcastle coal gas, which contains alx>ut 8 cubic feet of H,S 
per 1,000." 

" An average quantity of oxide for 2,000,000 cubic feet of gas is ono 
ton when oxide only is used." 

" One ton bog ore should purify from 1,250,000 to 1,500,000 cubic 
feet of gas from H,S before becoming spent." 

It is better when using new oxide for the first time to mix a little 
old with it, to reduce the percentage of moisture. 

A little old oxide mixed with new assists its action at first, as will 
also the presence of a slight quantity of ammonia in the gas. 

One equivalent of hydrated peroxide combines with about three 
equivalents of H.S. 

36 parts of hydrated peroxide of iron will combine with 17 parts of 

Koom must be allowed for expansion of material upwards when 
revivified in situ. 

Oxide should be laid in layers of from 12 to 18 inches thick. 

Best method of using oxide is 2 layers of 18 inches thick. 

(Hawkins.) 

Oxide of iron is laid as thick as 2 feet 6 inches in some purifiers. 

A thick layer of oxide, say 3 feet thick, will often have to be turned 
off, on account of back pressure, when only just put to work, but, as a 
rule, with thick layers of oxide no great increase of pressure need be 
feared if there be good scrubbing and washing beforehand. 

Oxide usually laid about 10 Inches to 12 inches thick on the grids. 

Oxide should be laid about 10 inches thick to revivify. 

Gas should not be allowed to enter a purifier much above the 
temperature of the oxide therein. 

The avoidance by every possible means of high temperatures in the 
purifiers, or during the revivification, of the spent material is advis- 
able. (M. Godinet.) 

Gas purified by oxide of iron is said to have a yellow tinge, while 
that purified by lime is whiter, the colour of the former being due 
probably to the presence of CO,. 

Seaotion in Oxide Pnriflen. 

F^Ofifi + 3 H,S = F^S, + 4 H,0 ; or 
Fe,0,H,0 + 3 H,S = 2 Fe S + S + 4 H,0. 



OXUJiD PURIFICATION. 269 

Action of air when revivifying upon FcaSs -f 4 H2O. 

2 Fe,S8 + 3 O, = 2 Fe, Os + 3 S,. 
12 Fe S +9 0, = 6 Fe, Os H- 6 S,. 
Oxide (bog ore) should remove Ist time 16 per cent, 2nd 6 per cent., 
3rd 5 per cent, sulphur. 
Another authority gives — 

Beaotion of Oxide of Iron. 

(70 % to 83 %) Fe.OBH,0 + 3 H.S = Fe^Ss + 4 H»0. 
(17 96 to 30 %) „ = 2 FeS + S + 4 H,0. 

When revivifying — 

Fe,S8 + 3 O + HO = Fe-OsH^O + 3 8. 

Also hydrated oxide of iron removes H2S as per equation : — 

Fe,083 H,0 + 3 H,S = 2 Fe S + 6 H,0 -|- S, and is revivified in 
the air as follows :— 2 FeS + 3 HjO + 20 = 30 + if\O^Rfi + 2 S. 

H,S unites with the iron and forms sulphide of iron, the H, com- 
bining with in the oxide forming water. After use in purifier the 
oxide is in the form of sulphide of iron, the iron absorbs and leaves 
the sulphur in a free state. 

It is not advisable to use oxide containing more than 55 per cent, 
to 60 per cent, free salphur, as its utility is impaired, but when 
revivified in situ it can be made to take up 75 per cent. 

Artificial oxides work best with from 20 to 30 per cent, moisture 
bog ores with 10 to 20 per cent. 

Oxide can be used until it has taken up 60 per cent, by weight of 
sulphur, but has no action upon CO,. 

New oxide, when revivifying, combines very rapidly with the in 
the air, causing rapid evolution of heat. 

Value of spent oxide should be sufficient to purchase all purifying 
material necessary for purification of gas from H,S. 

It has been found that by treating spent oxide with caustic, lime, 
and soda sulphate at a certain temperature, an increased yield of 
sulphocyanates and f errocyanides are obtained equal to about 40 per 
cent, above that obtainable by treatment with wat^r. 

Analyiii of Spent Oxide. (J. Hepworth.) 

Percent 

H,0 140 

S 600 

Organic substances insoluble in alcohol . . .3*0 
Organic substances soluble in alcohol consisting of 
calcium ferrocyanide and sulphaequinde, ammonium 
cyanidequinde, sal-ammoniac hydrocarbon . . . 1*5 

Clay and sand 8'0 

Calcium carbonate, ferric oxide, &c 18'5 

100-0 

About one-half the total sulphur present in coal passes forward to 
the purifiers. 

The quantity of H.S requiring to be removed by the purifier may 
range from 200 to 2,000 grains per 100 cnbic feet. 
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Order of Value for Purifying Ck>al Gas of the Prineipal Idmoftonee of 

tliis Country. (Hughes.) 

1. The white chalk limestone of Merstham, Dorking, Charlton, 
Erith, and other parts of the chalk range sorroonding the metropolis. 

2. The grey chalk limestone, from the lower heds of chalk. 

3. The blue beds of the upper and middle OoUtes. 

4. The lower white and grey limestones of the Oolites. 

5. The most calcareous and crystalline beds of the carboniferous or 
mountain limestone, colours grey and bluish. 

6. The magnesian limestone of Yorkshire and Derbyshire. 

7. The white lias limestone. 

8. The blue lias limestone. 

9. The Silurian limestone of Wenlock, Dudley, &c., and the coraline 
limestones of Plymouth and the neighbourhood. 

Theoretical value of chalk when made into lime is 100 lbs. chalk 
equals 56 lbs. CaO as per equation : — 

CaCO,= Co, + CaO. 
100 = 44 + 56 

In practice 1 ton chalk makes on an average 1 yard lime ; (13,596 
tons chalk made 13,300 yards lime). (Actual experiment, 17th May, 
1893.) 



Lime. 

26 striked bushels or 100 pecks equals 1 hundred of lime. 
46,656 cubic inches, 1 cubic yard, or 27 cubic feet containing 21§ 
bushels, equal 100 lime. 

] bushel of quick lime weighs about 70 lbs. 
1 cubic foot stone „ „ „ 54 „ 

1 cubic yard quick „ „ „ 1,460 „ 
1 ton „ equals 32 bushels. 

About 40 lbs. of lime are required to purify a ton of coals in large 
works. 

Lime used in large and medium sized works in purification with 
oxide or other supplemental method ranges from 3'3 to 5*5 cubic 
yards per million cubic feet of gas. 

By the rotation method of purifying, 1 yard unslaked lime is 
required per 35 tons of coal used. 

165 lbs. Irish unslaked lime will clean about 35,000 cubic feet of 
gas. 

Quantity of lime required to extract CO^, about 3*3 yards per 
million cubic feet. 

Chalk lime is best for purification of gas from CO,. 

Lime often contains 5 to 20 per cent, of earthy matters which may 
cause it to become caked in the purifiers. 
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Lime ready for the purifiers generally contains 30 to 40 per cent, of 
water above that required for the making of hydrate of lime. 

1 bushel quick lime increases to 2^ when slaked, and this should 
purify 10,000 cubic feet of gas. (Richards.) 

Caustic lime when slaked about doubles in bulk as CaO + H,0 
equals CaH,0,. 

28 parts of lime combine with 9 parts of water to form hydrate of 
lime or slaked lime. 

28 parts of pure lime will combine with 22 parts of CO,. 

28 parts of pure lime will combine with 17 parts of H,S. 

74 parts by weight of pure hydrated lime should combine with 
44 parts of CO, or with 34 parts of H,S. 

Sometimes when lime \s used to remove CO,, H,S and C8, an 
oxide vessel is used last, to act as a catch purifier to take up any H,S 
that may be driven oft from the sulphide vessel. 

When lime only is used for purification the sulphur is wasted. 

Wet lime will purify double or treble the gas dry lime will. 

(S. Anderson.) 

Dry CO when present in a purifier containing dry hydrate of lime 
will not combine with it, but the addition of moisture causes the 
CaOHaO + CO, to become OaOCO, + HjO. 

When water is added to lime calcic hydrate is formed as per 
equation : — 

CaO + H,0 = CaOHaO. 

Excessive water in the lime will cause the latter to cake and then 
impede the passage of the gas. 

Lime usually laid about 4 inches thick on the grids. 

1,650 lbs. of lime will take up about 425 gallons of water when 
being mixed up for the purifier, or about 1 gallon of water to 4 lbs. of 
Ume. 

Lime should be slaked two or three days prior to use in purifiers or 
it may cake ; slaking increases the bulk about 2^ times ; it should be 
as. pasty as possible, and take the form of nodules about f inch to 1 
inch in diameter. Dry lime is not so porous or so efficacious as a 
purifying material. 

Mr. F. Egner (17.S.A.) proposes to prepare lime for purifying as 
follows : — a thin layer, 4 or 5 inches deep, of unslaked lime should be 
laid out, and nearly the whole quantity of water poured over the 
lime. AlS the lime slakes it is turned over with long pronged rakes, 
then one-tenth of its bulk of screened coke breeze added and thoroughly 
mixed and moistened until a handful will stick together when tightly 
squeezed 

Bemoval of Carbonic Acid. 

Here lime purification should be adopted ; the material to be hot 
and divided in several layers. No special system of revivification 
need be followed. 

i Pressure thrown by a lime punfier with sieves covered with from 
12 to 15 inches of lime should never exceed 1 inch during its worlring. 



formed simultaneoasly, 
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Pressure thrown by 8 layers of lime 10 inches thick has been as low 
as 1^ inch for a considerable period. 

Lime is nsoally placed in layers of 4 to 6 inches thick. 

Approximate action of lime on H,S in purification is expressed 
probably by the following equation : — 

CaOH,0 + H^S = CaS + 2 H,0 

Lime meeting CO, in gas without H,S forms calcium carbonate 

CaO + CO, = CaC08 

Lime first attacks both the CO, and H,S, forming carbonate and 
sulphide of calcium, but later the CO,, having a greater affinity for 
the lime, drives off the H,S and forms carbonate of calcium only. 

YiThen gas containing dO, and H,S meets lime : — 

CaH,0,+ 2 H,S = CaS, H,S + 2 H,0 ^ 

or 
CaH,0, + H,S =CaS + 2H,0 

and 
CaO + CO, = CaCO, 

afterwards the 

CaS + CO, + H,0 = CaCOj + H,S 

the H,S being driven forward owing to the greater affinity of the 
CO, decomposing the CaS ; but if air is admitted a certain portion of 
the H,S is converted into free sulphur and it cannot then be sent 
forward. 

About 70 lbs quicklime is required per ton of coal in small works. 
„ 130 „ „ „ „ „ „ cannel. 

1 bushel quicklime weighs about 70 lbs. = 1*3 cubic feet. 
1 cubic foot chalk lime „ „ 45 „ = 0*771 bushels. 
1 cubic yard „ „ „ 1,460 „ = 20.9 „ 

1 ton ff measures ^ 32 bushels. 

Lime ready slaked for the purifiers should weigh about 90 lbs. per 
bushel. 

Mr. Forstall has suggested passing the slaked lime through sieve 
with 1 inch square mesh set at an angle of 70*^ with the floor, and the 
lime should not be wet enough to cling to the sieve. 

If lime be allowed to become too dry and powdery CO, will speedily 
slip, and if too wet the result is not satisfactory ; both extremes 
should be avoided. If cold gas be introduced into a hot material the 
latter is rendered powdery, and if hot gas is introduced into a cold 
material it is made too wet. 

Bemoval of the Sulphur Compoundi. 

The cost of removing the sulphur compounds may be taken as ovex 
Id, per thousand cubic feet. 

Where oxide of iron is used there should be a large purifying 
surface and prolonged contact with the purifying material) which 
should be in one or several layers according to the use or non-use of 
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inert materials. Where reyivification is effected in the open air, the 
materiid shonld be heaped up on its removal from the purifiers, and, 
as soon as it becomes heated, spread in layers from 8 to 12 inches 
thick. Where continuous reyivincation is employed the volume of 
air or oxygen should be injected without interruption and in exact 
proportion to the make of gas, the material to be kept warm and 
moist. In the case of purification by lime the material should be 
divided into several layers and used cold if it is desired to retain more 
of the sulphide of carb3n, otherwise hot. Oxygen should be employed 
for revivification. 

Quantity of Snlphur Compounds from Same Goal. 

Yield of Oas Sulphur per 100 Cubic Feet 

per Ton. other than H^. 

grains. 

6,893 13-9 

8,370 19-1 

9,431 26-7 

10,772 36-9 

11,620 44-1 

If CO, be allowed to pass into a sulphided lime purifier it will 
liberate some of the H,S and OS, already taken up and form car- 
bonate of calcium in its place. 

If H,S be allowed to pass into a properly sulphided lime parifier it 
changes the monosulphide to a polysulphide, which hAa no effect upon 
the OS,. 

Of the 45 grains S. other than H,S in coal gas per 100 cubic feet, 
the CO, purifiers remove 10 grains, the sulphided purifiers remove 
25 grains. 

Carbon bisulphide (CS,) is usually removed by a lime purifier, 
through which a quantity of gas free from 00^ but containing H,S 
has been passed, the H^S combining with the lime to form sulphide 
of lime, which latter will remove practically all the OS,. 

The removal of the sulphur compounds is not rendered more certain 
by the admission of 1 to 2 per cent, of air at Nos. 3 or 4 purifiers at 
Rotherhithe. (A. F. Browne.) 

Probable action in sulphided lime purifiers. 

CaS + CS,= CaCS8 
or, 

CaSH.O + CS, = CaCS3+ H,0 
or, 

CaS, + CS, = CaS.CS, + S ^ 

The calcium pentasulphide may also combine with the O admitted 
in the air thus : — 

CaS, + 0, = CaS,0 J + S, 

CaSg + 0, = CaSO J + S^ 
or with CO, thus :— 

CaS, + CO, + H,0 = CaCO, + H,S + S^ 
O.B. T 
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Ltaaamg auttarial consists of snlphate of iron, 250 Idlognuiiiiies ; 
slaked lime in powder, 4 hectolitres, inert materiid, 7 hectolitres. 

The stahilitj of th« snlpbide of lime, as measored bj ^e action 
upon it of CO^ depends largely npon the tempemtove at iHiich the 
solphide is formed. 

The energy of onion as between calonm solphide and GS, is sharper 
and much more complete when the solphide is prepared from hot 
lime, and is maintained at about the temperature of 75** F. Sulphide 
so made and used is said to haye 30 per cenL greater efficiency ; and 
by chilling the Tcssel the efficiency can be reduced to niL 

A yery small quantity of CO, passing into a sulphide yessel 
materially decreases the efficiency. 

Weldon mod is a bye product from the manufacture of bleaching 
powder with lime and air, and consists principally of hydrated oxides 
of manganese (MnO, and MnO) and of calcium. 

Wel£>n mod will absorb about four to fiye times the H^ that 
oxide of iron will, forming sulphide of manganese and water. 

Weldon mud equals about 52 per cent, water and 26 per cent, 
manganese dioxide, and should lemoye 28*1 per cent. 8 first time, 16*7 
per cent, second time, 5*8 per cent, third time. 

About 1 per cent, of air is consideied best with Weldon mod when 
it is osed for ths first lemoyal of H^. 

About 10 to 15 grains H,S per 100 cubic feet is contained in the gas 
when it reaches the check purifiers, where lime or Weldon mud is 
found more actiye for such small quantities than oxide of iron. 
Weldon mud with about ^ per cent, of air has continued actiye in this 
position for two to three years, and is said to represent a labour 
saying as against lime of 1 to 16 ; the pressure thrown decreases with 
time, whereas with lime and oxide it increases. 

Comparatiye quantity of oxide shifted at Beckton per 100,000,000 
cubic feet gas made, 603 cubic yards as against 50 cubic yards of 
Weldon mad ; this refers to the material used in the primary 
elimination of H,S. 

In the all lime purifying method about 1^ per cent, air is about the 
best quJintity. 

The use of air greatly mitigates the bad smells giyen off by oxide 
when it is first remoyed from the purifiers, and doubles the length of 
time the purifiers will last without recharging. 

Air used with lime purifiers will cause the sulphur taken up by the 
lime to be conyerted into free sulphur to the extent of 10 per cent., 
instead of being driyen off by the CO,. 

The use of air (1^ per cent.) in purification enables the oxide to 
absorb some 25 per cent, sulphur before it need be remoyed for 
complete reyiyification. 

Purifiers by the air process haye been filled with oxide, and not 
again discharged until the material contains nearly 60 per cent, of 
sulphur. 

More than 3 per cent, air not only reduces the illuminating power, 
but is inclined to cake the oxide and to raise the temperature of the 
material. 

The admission of air or oxygen to the purifiers effects an oxidation 
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of the snlphnr compounds of the lime, and salphur is deposited as 
such in the foul lime. (Butterfield.) 

Air may be used in a sulphide vessel to reconvert a polysulphide 
into a monosulphide, or to render a box sulphided at a low tempera- 
ture active. 

Steam, when used to inject air into purifiers, has been found to 
prevent the caking of the oxide ; it has been suggested to introduce 
it at the inlet to first purifier so as to raise the temperature to 100°. 

Revivification by steam jet in situ may set fire to the grids. 

Mr. Carpenter admits 1 per cent, air into the third or fourth 
purifier and thus obtains the desired effect on the ones required for the 
removal of the sulphur compounds. 

When air is used (2 per cent.) to aid purification in oxide vessels 
the use of ammonium hydrate (ammoniacal liquor 4° Twaddel) 
sprinkled on the oxide before use is found to increase the life of the 
charge from 80 to 100 per cent. (R. G. Shadbolt.) 

Two and a half per cent, air used in purification lowered 17*3 
candle gas to 13*45 candles. 

Three per cent, air used in purification lowered 17*3 candle gas to 
13*04 candles. 

Five per cent, air used in purification lowered 17*3 candle gas to 
10*59 candles. 

Seventeen and a half per cent, air used in purification lowered 
17*3 candle gas to 1*0 candle. 

An arrangement for pumping into the gas at the inlet of the puri- 
fiers 3 per cent, air carburetted with tar of specific gravity 1*196, kept 
at a temperature of 170° by a steam coil, was patented by Mr. Hawkins, 
to remove the loss of illuminating power occasioned by the use of 
Bttch a large quantity of air. The specific gravity of the tar alter 
leaving the carburettor was 1*218. The only objection appeared to 
be the possibility of a deposit of napthalene in the mains during 
severe winter weather. The illuminating power appears to have been 
maintained throughout the district. 

The quantity of air necessary, according to theory, for continuous 
revivification of oxide is 2^ per cent, air for 1 per cent. H,S. A 
slight margin in excess is, however, necessary in practice for s^ety. 

It is said that the higher temperature in a purifier, due to the 
increased chemical activity of the purifying material when air is nsed, 
prevents the deposition of some of the valuable hydrocarbons, which 
in the ordinary way would be condensed ; the napthalene on the 
under side of a purifier cover in winter clearly showing that such a 
deposition will take place. 

Advantages claimed for the use of with oxide of iron pm*ifi- 
cation are — Almost complete revivification of oxide in situ; 
increased illuminating power ; greatly augmented percentage of 
sulphar in spent oxide, and consequent higher market value ; the 
purification more efficiently conducted, with half the purifying 
space and two-thirds of the material; a corresponding saving in 
capital and labour. 

Lime can be wholly used in conjunction with oxygen for the puri- 
fication of gas. By the regulation of quantity of to quantities 

t2 
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of imparities salphnr compounds can be removed. Purifying space 
and plant now required for lime reduced by more than one-half, lime 
used by nearly one-half, and labour in proportion. Auxiliary oxide 
of iron purifiers are rendered unnecessary. Very considerable saving 
is caused by improvement in illuminating power. Sulphur deposited 
possibly recoverable. (W. A. McI. Valon.) 

With oxygen and lime only and average of 620 grains S per lOO 
cubic feet at inlet, 2 cubic yards lime per million cubic feet kept 
sulphur compounds down to an average of 6 to 8 grains per 100 cubic 
feet, and the illuminating power maintained at 16*5 candles. (W, A. 
McI. Valon.) 

Proportion of Oxygen Required for Purification. 

0*1 per cent., by volume of oxygen for every 100 grains, H,S per 100 
cubic feet removes all the H,S and CO,, and r^iuces the sulphur 
compound to 7 or 8 grains per 100 cubic feet of purified gas. 

One foot pure is sufficient to remove 1,000 grains H^S in the crude 
gas ; or '1 per cent, by volume of per 100 grains H,8 per 100 cubic 
feet. 

One half the volume of H,S in the gas is required of oxygen to 
revivify the oxide in situ. 

No increase in heat is found in the oxide when using 0. 

When oxygen is used with lime purifiers the H,S first taken up by 
the lime is not expelled again by the CO,, but the S is thrown down 
in the form of grains of pure sulphur, leaving the lime as active for 
the CO, as if no sulphur had been retained. 

To Prepare Oxygen. 

When air is compressed over water, the components of the atmo8« 
phere are taken up in direct ratio of the pressures employed. On 
releasing the pressure, there is proportionally more oxygen in the 
evolved gases ; by repeating the process eight times 97*3 per cent, 
oxygen can be obtained. 

Composition after Suecessive Pressures. 

N. 79 66-67 52-5 37*5 25*0 150 9*0 5*0 2*7 
0. 21 33-33 47-5 62*5 75-0 85*0 91*0 95*0 97*3 

For a material to revivify in situ it must have a strong affinity for 
O, so as to combine with it energetically as it passes through the gas. 

Cyanogen. 

It would appear from the reactions expressing these changes that 
the cyanogen exists in coal gas exclusively in the forms of cyanide 
and sulphocyanide of ammonium. 

Ferrocyanide of iron is formed if cyanogen and ammonia in only 
small traces are allowed to get to the oxide purifiers ; this reduces 
the activity of the oxide for the removal of H,S. 

A large portion of the cyanogen combines with the iron in the 
purifiers to form a ferrocyanide or Prussian blue, but the quantity is 
reduced if first passed through lime. 
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Average per cent, of snlphocjanic acid, ammonia, and potassiam 
ferrocyanide obtained from 12 German gasworks — 

HCNS = 2-62, NH3=l-87, K^FeCye+3aq=5-l. 

One ton of coal by the Glaus ammonia process yields i lb. Prussian 
blue and If lbs. copper sulphocyanide. 

Leybold found cyanogen equal to about 4 lbs. of ferrocyanide in 
10,000 cubic feet of gas, of which nearly 95 per cent. remain«i in the 
scrubbed gas. When lime is used for purifying the gas, the cyanogen 
is lost ; and if iron be used the cyanogen is converted largely into 
sulphocyanide in which form it is not so readily available. But when 
the gas after it leaves the scrubber is brought into intimate contact 
with precipitated oxide of iron, suspended in an alkaline solution, as 
recommended by Knublauch, the cyanogen is easily obtained as 
ferrocyanide, almost free from sulphocyanide. 

Bemoval of the Cyanogen Compounds. 

To ensure material rich in Prussian blue keep the stuff very moist 
at a low temperature, have a large purifying surface and long con- 
tact. When revivifying in the open air spread the material in very 
thin layers kept quite moist ; but if in situ inject cold air saturated 
with moisture at great speed. In the case of continuous revivifica- 
tion the opposite process must be adopted, owing to the presence of 
less sulphide of iron in the purifiers. 

Oil gas tar will remain on the sides of purifier covers, also 
petroleum oil. 



Composition of Purified Illuminating Oas. 



Common Gar. 1 


Authority. 


Permanent 

Gases, 

H, CO, He, Ac. 


Illuminating 
Compounds or 
Light Bearers. 


Impurities, 
NH„ &c. 


Bunsen 

Letheby (12 candle gas) 

Odling 

j» .... 

„ • . . 

5> • • • • 
J> • • * ? * 


87-12 
93-00 
96-42 
93-92 
89-83 
90-03 
96-01 


6-56 
3-80 
305 
3-56 
3-67 
3-63 
3-53 


6-42 
3.20 
0-53 
2-53 
6-50 
0-40 
0-46 


Camnel Qas. 1 


Letheby (22 candle gas) 
Odling .... 
Two analyses of water \ 
gas as sold in New York 


84-05 

88-00 

/ 78-90 

t 81-16 


13-00 
10-81 
15-29 
15-29 


2-50 
1-19 
4-8 
3-5 
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Cknnpotitum of Pnriiled Coal Oas. 

(Professor V. B. Lewes, 1890.) 

For Cent. 

H 47-9 

Uluminants, ethylene series . . . 3'5 

benzene ... 0*9 

., methane .. . . 7*9 

Methane . . . . . 33*3 

CO 60 

CO, . 0*0 

O 0*5 

N 0-0 

100*0 

5,000 cubic feet lime will absorb about 5 tons H,S. This sulphided 
lime will absorb about 3 tons CS,. 



STORING OAS. 
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eASHOLDEBS (CASS 07). 

It takes a oonsiderable time for the diffusion of gases of different 
densities even when of great difference of density, when in conditions 
usual in gai^olders. 

Diflkuion of Oases. 

The velocity of diffusion of different gases is inversely propor- 
tional to the square roots of their densities. 





Density. Air^l 


1 


Velocity of 
dlfta8lon.Alrs] 




^/Density. 


Hydrogen , 

Nitrogen. . . . 

Oxygen 

Carbon dioxide . . 


0-06926 
0-97130 
1-10560 
1-62900 


3-7790 
1-0150 
0-9510 
0-8087 


3-830 
1-014 
0-949 
0-812 



(Graham.) 

Gases of different specific gravity will mix in time, but, owing to the 
temperature of either the incoming gas or the heat of that in the 
holder, the mixing may take a considerable time, the warmer gas 
keeping to the top of the holder. From the heat of the sun, the 
crown of a gasholder becomes so hot that it cannot be touched with 
the hand, being at least from 113° to 122° F. (W. Leybold.) 

The contact of ordinary coal gas with water is found to cause a 
rapid diminution in illuminating power. (Irwin.) 

Carburetted water gas stored in a holder for 17 days, lost 1^ candles 
in value at Blackburn. 

Napthalene in gas holder inlet pipes is usually found to commence 
at and continue l^low the level of the surrounding water. 

Do not lower a telescopic holder in a gale so as to leave the upper 
lift only exposed. As the centre of gravity is very near the crown, 
it is the more easily overturned, while, if the second lift is out of the 
water its weight brings the centre of gravity considerably lower. 

Frost has been known to cause the sides of brick tanks to bulge 
inwards and prevent the holder moving up and down. 



Painting Hotes. 

G^holders should be first made clean by scrubbing and brushing 
with wire brushes, any bubbles of the old paint being scraped off 
with an old file sharpened at the edge. 

Before painting a holder well scrape the old paint and remove old 
blisters and scales which might cause a lodgment of water and 
consequent oxidation of the plates. 
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With paint, too much oxide is not good for the oil which is then 
oxidized too quickly and rendered natureless, so that the paint 
eventually powders off. (Wood.) 

A Coating for Oasholders.— Mix and raise to boiling point, 1 gallon 
of tar and \ lb. asphalte, then add 1 pint coal naptha and \ lb. 
tallow. Use warm. 

The outer surface of gasholders may be ooTered with paint, or tar 
mixed with tallow, and it has been proposed to do this in the spring 
and also autumn each year. 

Oil gas tar is an excellent paint for gasholders. 

Tar for painting should only be raised sufficiently high in tempera- 
ture to drive off all the water, should be fluid when cold, too thick 
for use, and can be thinned with turpentine, 1 turps, to 4 tar ; 1 gallon 
will cover 64 square yards of metallic surface. 

Bed lead sets harder and sooner ti^an white lead. 

Contents of crown, to find : Square the radius of the holder, multiply 
this square by 3 ; to the product add the square of the rise and multiply 
by -5236. 

In filling the holder with gas it is best to use a high-class coal, and 
so compensate for the air in crown, as it is difficult to expel the latter. 
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DISTBIBTTTIOH. 
Maini. Seryieei. Xeteri. 

Quantity of gas, in cubic feet, discharged per hour by any main can 
be found as follows : — 



X = 1350 rf« s/^ 

Where— 

h ^ pressure of gas in inches of water, 
d = diameter of pipes in inches. 
S = specific gravity of gas (air = 1) 
L =: length of pipe in yards. 

(Dr. Pole.) 
Another rule is — 



X = 1,000 y^i!l* 



And another is — 



L 
(Molesworth's Pocket Book.) 



X = 1,000 ^1^ 



The first is the most correct. 



(Spon's Pocket Book.) 



Plow of Air in Pipes. (Hawksley.) 
Velocity in feet per second = 

gg^ / head in inches of water x diameter of pipe in feet 
'v length of pipe in feet 

Head in inches of water = length of pipe in feet x velocity 

156,800 diameter of pipe in feet 

Contents of pipe := square of diameter X *7854 X length ; 
contents in cubic feet x 6-26 = gallons. 

Weight of cast iron pipe = K (D»— ^«). K = (for cast iron) 2-6. 

Flange equals, say, 1 foot of pipe in weight. 

In a 24-inch pipe delivering 240,000 cubic feet per hour into one 
18-inch pipe and two 14-inch pipes at a distance of about 2,000 yards 

the pressure was reduced from II to — 

10 10. 
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CftpAcity of ptpe& 



k 



DELIV£RINa FOWBR Of 
Capftcity of pipea. 



1 

las.™ 

I 



*l 
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LsiikUi in yirda. 



LEAD REQUIRED FOR JOINTING. 
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Selatiye Carrying Capacity of Gas Pipes. 

(Compiled from Tables by Norwalk Iron Co., U.S.A.) 



Inches. 


Comparative Areas 


24 = 100 . 


. 1-00 


12 = 0-17 


. . 0-25 


10 = 010 . 


. 0-175 


8 = 0-06 


. . 0-111 


7 = 0-04 . 


. 0-086 


6 = 003 


. . 0-0625 


5 = 00189 


. 00434 


4^ = 0*0141 . 


. . 0-0351 


4 = 0-0102 


. 0-0278 


3^=0-0069 . 


. 0-0212 


3 = 0-0045 


. 0-0166 


2i = 0-002835 


. . 0-0108 


2 = 0-001485 . 


. 0-0069 


li = 0-000810 


. . 0-0039 


1\ = 0-000450 . 


. 0-00272 


1 = 0-000226 


. . 0-00173 



High Pressure Gas Delivery. (F. H. Oliphant.) 

* Cubic feet per hour = 42 a ./ — H^ 

P and p are gauge pressures at intake and discharge ends of pipe 
plus 15 lbs., 1 is length in yards, a for different sizes of pipes is : — 



Diameter 




Diameter 




Diameter 


Diameter 




inside. 


a 


inside. 


Cb 


inside. 


outside. 


n 


0-26 


00317 


4 


34-1 


14*26 


15 


863 


0-60 


0-1810 


5 


60 


15-26 


16 


1026 


0-76 


0-6012 


6 


96 


17-26 


18 


1410 


1-0 


1-0000 


8 


198 


19-26 


20 


1860 










Riyetted or cast ir< 


>n pipes. 


1-5 


2-9300 


10 


360 


20 




2065 


2-0 


6-9200 


12 


566 


24 




3286 


2-6 


10-3700 


16 


1160 


30 




6830 


30 


16-6 


18 


1670 


36 




9330 
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........ e'o-. 

W%$ght50lb9.%mch. 



<N ••» 




ft* a" 



n 



'i » 











■p 






STiT. 

\N%iyht 19 t.7.*mch. 






][ 



• -->-. •' tf— ... . . . 

W»ightt90.0.tch. 













6* ^ 



i|F 



^ ^ 



I ^ 



9'0- 

W»ifhf2?Z/fmach. 




9'or- 



•^-<-»l 




8' 



k- 




9'tr 



.— A-«f.; 







"■9'cr 



5 



I 







• • • 



! : 



•s 



^? 



I 
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10' 



I 



«.< 



9'ir 



^*fi 



% i 



v.. »• VL 



'if 



I 



«'«" 



12" 



t 
I 



I 



1" 

I 
«• 



Weight- 99 2.tUmeh. 



*^ 



? ti 



rifa 



i 



14" 



i 

•I 



\? 



« ! 



I 



15" 



a I 



I 



I 
I 

I 
I 

.K. 



W 



> > 



rifa 



L. 



■ I 



J" 1 1 



■ • 
I I 



n'o" 



W9ighft090./ttaeh 



*♦**« 





miyhtt093.7.mach 



18 



I 

.J. 

I 



'* 



I 



WaiyhH4i2.0.mach 



1/2' fl^- 



V> 



lyififfip/iHa 

I ' 
■ " *i* ~ * * * * " 

if 

BJfeBB 



V 



:5J 









«... 



t'. t. 



.v.. • 



20'^ 



weight l€9 0. 8. 9Qch. 






«• 




W€iytitncs.0.99ch, 



24' '5 
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Maini. 
48-inch Socket joint requires 90 lbs. lead and 8 yards yam. 



48 


>» 


Flange 


»> 


?? 


114 


M 










S6 


)) 


Socket 


» 


»J 


72 


» 




6 


»> 


$1 


36 


)f 


Flange 


» 


»» 


108 


» 










30 


H 


Socket 


?l 


J» 


60 


»t 




5 


»> 


SI 


30 


j> 


Flange 


>» 


>» 


90 


j> 










24 


»» 


Socket 


»» 


J> 


48 


)) 




4 


>» 


s» 


24 


•J 


Flange 


» 


J> 


72 


>» 










18 


•) 


Socket 


)} 


» 


32 


1) 




3 


» 


ft 


12 


)) 


)i 


>• 


» 


18-2 


»» 




2 


» 


»» 


11 


}} 


;> 


>,♦ 


» 


14-9 


)i 




18 


)» 


l» 


10 


)y 


jf 


. * 


)l 


11-5 


I) 




Jf 


» 


»> 


9 


)y 


}) 


}» 


;» 


10-4 


>» 




u 


)f 


»• 


8 


)} 


»> 


>* 


)t 


8-2 


»» 




U 


M 


r> 


7 


)f 


)} 


>» 


}f 


7-7 


M 




U 


>• 


i> 


6 


}} 


Jl 


»» 


J» 


6-5 


»J 




I 


f» 


>» 


6 


n 


J» 


» 


» 


6 


»» 




> 


)) 


» 


4 


}y 


}| 


}» 


>f 


4 


» 




f 


)> 


»f 


3 


It 


}| 


» 


» 


2-6 


» 




t 


If 


M 



Flange joints macfe with wronght-iron ring }-inch thick placed 
between flanges and bolted up, afterwards ran with lead and set up. 

Tarn weighs 1 qr. 23} lbs. per 250 yards equals 1 coil. 

All mains above 6 inches diameter should be oast vertical so that a 
few inches at the end may be cut off and any porous part removed. 

Cast iron pipes should be of close grain and equal thickness 
throughout. This can be found by rolling them on two rails or metal 
edges and noting if there be a heavy side by the pipes always rolling 
to one position, and they should emit a bell-like sound when tapped 
with a hammer. 

They should be tested to from 90 to 130 lbs. per square inch, and 
tapped while under pressure ; if water is seen oozing from cracks or 
flaws the pipes should be rejected. 

Weight in Pounds and Depth of Load for Ordinary Lead Joints. 



Diameter of 


Weight of 


Depth of 


Diameter of 


Weight of 


Depth of 
Lead. 


Pipe. 


Lead. 


Lead. 


Pipe. 


Lead. 


Inches. 


Lbs. 


Inches. 


Inches. 


Lbs. 


Inches. 


2 


If 


1* 


12 


18* 


2| 


3 


2* 


ii 


13 


21 


2| 


4 


4 


u 


14 


28* 


2f 


6 


6i 


11 


16 


26 


2* 


6 


7 


2 


16 


28* 


2* 


7 


8i 


2 


17 


31 


2* 


8 


10* 


2i 


18 


32* 


2* 


9 


12J 


2| 


19 


34 


2* 


10 


14* 


2* 


20 


35* 


2| 


11 


16* 


2* 


24 


48 


3 



For pipes up to 8 inches in diameter the lead is taken at | inch 
thick, and for pipes from 9 inches diameter upwards the lead is taken 
at * inch thick. 



FIPK JOINTS. 



Simaiuioiu of Cut Iran Plpa Fliutgea to bear 7S lb(, Piennra. 



i 


It 


1' 


H 


i^ 1 


^ 


II 

11 


ili 


i 


^ 

» 




3 


■:i2« 


■40 


1-25 


60 


5fi 


■55 


fit 


fit 


4 




'^ 


■341 


■42 


1-2S 


51 


i7 


■fll 


J+ 
















i3 




■Kl 













■3H0 


■4K 


1-35 


>6 


iS 


■51 


» 








6 


■4<M1 


■4;t 


rio 


60 


i'l 


■«N 




4t 








■153 


■56 


1-50 


96 


H 


■«H 


i4 


1"* 








■510 


■«1 


1-60 


73 


SI 


■Ml 












■5fi3 


■67 


1^70 


80 


Nil 


■1W 


17» 




10 






■6(i7 


■711 


1^90 


93 1 


01 


■•J3 




!!»& 


U 





Dimsniioni of Booket loinbi. (Uni 



it-" 



— Ka^jt -gt- 



Wheru { ^ tliichncAn oC |>tpc niiU iJ:=itiaDieter of pipe. 
(• = 1-07^ + A 
(, = 0025.i + i to 00-25i + 0-6 

I = 0-OId + -25 to 0-Olrf + ■375 

*, = 0-075rf + 2i 

b. = t, 

I =0-09^ + 21to0^1<i + 3 



ThiekiLeis of Tiptt for 90 lbs. Freiinre p«r Sqoare Inch up to M 
Inches Diameter, aad np to 7S Ibi. Prsiinra par Squara Inob 
np to 60 Inohsi Diameter. 





i«,^ 


Ina. tna. 


lOM. 


IB.. 


24 


IlB. 

30 


36 

1 


42 


46 

i 


R4 


60 

1 


Diameter of 
Thicto™ . '. 


4 


8 12 
i, i 


16 


20 
* 
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jjj^^^^^,^ of Turned Mtd Bored Pipe, in Ibo1i„. 





Thick- 
ness. 



Ins. 


Ins. 


i 


11 


1 


12 


i 


13 


» 


14 


' 


15 


i 


16 


« 


17 


i 


18 


1 


20 



Depth I Thick 
of I ness 
Bocketl of 
Rim. 






Thick- 

(Hess 

«ocket.| 



TMicKNess or 

Rim 




Weight of Socket of Cast Iron Pipes. 
2 inches diameter = 4-54 lbs. 12 inches diameter = 



2i 

3 

4 

5 

6 

7 

8 

9 

10 
11 



• « 

M 
?» 









= 6-64 
= 11-2 
= 14-45 
= 21-0 
= 24-8 
= 33-0 
=: 37-36 
= 41-7 
= 62-36 
= 67-27 



>» 
If 

>> 
If 



15 
18 
20 
21 
24 
30 
36 
42 
48 






1» 

5> 



= 90-64 lbs 
==112-36 ' 

= 147-64 

= 179-0 

= 188-0 

= 250-0 

= 346-0 

= 480-0 

= 589-0 

= 707-0 



99 
*9 
» 

» 
99 



Weight of socket equals '9 foot of pip^ 

Weight of socket turned and bored and thickened spigot equal 

1*1 feet of pipe. , ^ ^ u • 

Weight of flange equals 1 foot of pipe. 

Depth of Socket. Jointing Space 
2 inches and 8 inches diameter 3 inches f inch 
4 „ to 8 „ „ J »' f „ 

21 „ „ 80 5 



to 



Above 



91 



» 



6 






i 
i 
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To Test Kains in Dietrict. 

The portion of main to be tested must be isolated by bagging or 
water-logging, and a pressure put upon it by a motive power meter or 
small holder. The quantity of gas or air required to keep up the 
initial pressure equals the loss through leakage. 

Coating for Pipes. 

A composition of Burgundy pitch, oil, resin, and gas tar is made 
up in a Imth, into which the pipes are lowered, where they remain 
until they attain the heat of this composition, which is about 142° F. 
They are then taken out and placed in such a position as to allow all 
unnecessary matter to run off. 

To find the force tending to dive off a bend on a line of pipes sub- 
jected to internal pressure. The resultant force in the straight pipe 
on either side of the bend being equal to the area. A, of the pipe, X the 
intensity,^, of the pressure, and acting axially. The resultant of these 

two forces is A x i? X 2 sin. z. where Bis the angle subtended by the 

bend. 

Pipes up to 9 inches diameter should never have less than 1 foot 
9 inches of ground above them ; above this size the depth should be 
Increased at least 6 inches. 

Pipes laid in clinkers and ashes will, after a time, part with a con- 
siderable portion of their iron, leaving a substance which can be 
easily scraped with a penknife. Clay, however, forms a most excel- 
lent soil for pipe laying. It has been noticed that gas pipes are 
attacked at points where electricity leaves them when in proximity 
to electric tramways, and not where the current penetrates them. 

Pipes with rough interior surface have been known to reduce 
delivery of liquids 33 per cent, foom that delivered when smooth. 
(Fitzgerald.) 

Never drill a larger hole than I inch in a 2-inch main. Never drill 
a larger hole than 1 inch in a 3-inch main. 

In small mains a |-inch bend may be fixed to a reducing socket and 
a 1-inch service carried from that without materially reducing the 
quantity of gas which may be passed, and at the same time this 
method renders a small main less liable to leak. 

Allow a fall of 3 inches per 100 yards in street mains ; or better, 
mains should have a fall of about 1 inch in 20 yards as a minimum. 

Lay mains with a fall of not less than J to i inch to every 9 feet 
length. 

Where pipes have to be carried across exposed positions, as when 
they are slung or fixed outside bridges, &c., they should be covered 
with felt or other non-conducting material. 

Sleepers may be used with advantage under mains when laying in 
bad and soft ground. 

The ground should be well consolidated under mains to prevent 
subsequent uneven settlement. 

n2 
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To find a leak try with a pricking bar near each socket, and to the 
full depth of the bottom of the main ; and if gas be present, even in a 
very small quantity, it will bum with a more or less blue light. 

A broken pipe may be temporarily bandaged with stout calico well 
plastered with white and red lead, until a new pipe can be laid. 

When lead pipes are used for services they must be supported their 
entire length, to prevent sagging and subsequent accumulation of 
water and stoppage of supply. 

Service pipes may be made to last longer by receiving one or two 
coats of good oxide paint or hot tar. 

It is better to use soap and water (soft soap is best) than to 
employ a light to try if a joint in a main be tight or no. 

Millboard joints should be well soaked in water and painted both 
sides with red and white lead. 

Gas valves should stand 5 lbs. pressure on side opposite springs. 

One or more trunk mains should always come from the wor£ and 
terminate at central points, whence the distributing pipes may start. 

A piece of tallow in the " gate " of the joint when running v^ith 
lead prevents blowing even if the yarn or pipe be wet. 

If too much lead is left on the outside of a joint the caulking up 
may split the socket. 

The yam should not occupy more than half the depth of the 
socket when driven hard in with the tool. 

Ordinary putty may be used instead of lead for temporary joints 
after the yarn is well rammed in. 

It is the return currents of electricity which are responsible for 
the electrolytic action ; and it seems to have the same effect on 
galvanised, tar coated, or so-called " mstless " pipes. 



Cement for the Sepair of Leaks in Oas and Other Pipes. 

To 5 parts of Paris white add 6 parts of yellow ochre, 10 parts 
of litharge, 5 parts of red lead, and 4 parts of black oxide of 
manganese. The constituents should be well mixed and a small 
quantity of asbestos and boiled oil added. The cement hardens 
in from two to five hours after application to the leaks, and exposes 
no fresh holes on drying. As the use of the cement does not involve 
the removal of the pipes it is especially adapted for the repair of 
those which are difficult to get at. 

In South Boston, U.S.A., all mains are laid with cement joints, 
made by using two hard-twisted rolls of lath-yam, and a mixture of 
2 parts of common cement, one part Portland cement, and one part 
sand. 

Turned and bored pipes are cheaper to lay, but do not allow of any 
settlement, and consequently break easier than the open lead joint. 

Leakage in cubic feet per h our through holes in plates 

/^pressure in inches X diameter of hole in inches' X 1200. 

(F. S. Oripps.) 
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DimenBions of Back and Pinion Gas Valves. 







Diameter of 


T ^ LI. 






Diameter 

of 

Valve. 


Diameter 

of 
Flanges. 


Circle 

through 

centre of 

Bolt Holes. 


Length 
from face 

to face 
of Flanges. 


Number 

of 
Bolts. 


Diameter 

of 
Bolt Holes. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


2 


6J^ 


H 


Sh 


4 


i 


3 


H 


6i 


lOJ 


4 


f 


4 


10 


8 


Hi 


4 


1 


6 


101 


9 


iij 


4 


f 


6 


12 


10 


111 


4 


1 


7 


14i 


12 


Hi 


6 


1 


8 


15^ 


13 


12I 


6 


1 


9 


17 


Ui 


13^ 


6 


1 


10 


18 


15i 


m 


6 


1 


12 


20^ 


17 


16 


6 


H 


14 


22 


19 


16J 


6 


i| 


15 


23 


20 


17 


6 


li 


16 


2H 


21 


18 


6 


li 


18 


26i 


23 


18 


6 


U 


20 


29 


25 


20 


8 


u 


21 


30 


26^ 


20 


8 


li 


22 


31 


27 


20 


8 


li 


24 


33 


29i 


20 


8 


li 


26 


35 


32i 


20 


8 


li 


27 


36 


32i 


20 


8 


li 


80 


39 


35i 


22 


10 


li 


86 


46 


42J 


23 


12 


li 


48 


58 


54^ 


31 


16 


li 



Notes on Dr. Pole's Fonnola by F. S. Gripps. 

Let Q = the discharge of gas in cubic feet per hour. 
d = the diameter of pipe in inches. 
p = pressure of gas in inches of water. 
8 = specific gravity of gas, air being 1. 
I = length of pipe in yards. 



Then Q = 1350<73, 



'V^' 



d 

P 
I 



</: 



Q2.? / 



(1360)3 p 



(1350)2 d^ 
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From the above it is apparent that, other things being eqnal 



Q varies directly as fj~^ 



p varies directly as Q* 

I 



» »» »» 

» »» » * 

„ inversely „ rf* 

I varies directly „ p 

>» M »» ^ 

„ inversely,, Q« 



„ inversely „ ^ 

<? varies directly „ Vq^ 

i» »» »> V/ 

»» »» » v* 

„ inversely „ V^ 

« varies directly as^ 

»> M W ** 

„ inversely „ Q^ 

>» 1» M ^ 

A consideration of the foregoing gives rise to the following axioms 
or rales ; 

Qaantity — ^Pressure. 

(1) Double the quantity requires four times the pressnre. 
Or, four times the pressure will pass double the quantity. 

(2) Half the quantity requires one-foui*th the pressure. 

Or, one-fourth the pressure is sufficient for half the quantity. 

Quantity — Length. 

(3) Double the quantity can be discharged through one-fourth the 

length. 
Or, one-fourth the length will allow of double the discharge. 

(4) Half the quantity can be discharged through four times the 

length. 
Or, four times the length reduces the discharge one-half. 

Quantity— Diameter. 

(6) 82 times the quantity requires a pipe four times the diameter. 
Or, a pipe four times the diameter will pass 82 times as much 
gas. 

(6) A pipe one-fourth the diameter will pass 1 -82nd of the quantity. 
Or, l-32nd of the quantity can be passed by a pipe one-fourth 

the diameter. 

Quantity— Specific Gravity. 

(7) The specific gravity stands in just the same relation to the 

volume as the length does (see Axioms 3 and 4). 

Pressnre — Length. 

(8) If the pressure is doubled the length may be doubled. 

And, conversely, if the length be doubled the pressure must be 
doubled. 
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(9) If the pressure be halved the length may be halved. 

And, conversely, if the length be halved the pressure must be 

hsdved. 
From Axioms 8 and 9 it is evident that — 

(10) The pressure required to pass a given quantity of gas varies 

exactly as the length of the pipe. 

FreBsure — Specific Gravity. 

(11) The pressure required to pass a given quantity of gas also 

varies exactly as the specific gravity of the gas. Hence if 
the specific gravity of the. gas were doubled, double the 
pressure would be required. 

Pressure— Diameter. 

(12) l-32nd part of the pressure is suflacient if the diameter be 

doubl^ ; or, in other words, if you double the diameter you 
only require l-32nd of the pressure to pass the same 
quantity of gas. 

(13) If you halve the diameter, 32 times the pressure is required. 
And, conversely, if you increase the pressure 32 times, the 

diameter can be halved. 

Length — Diameter. 

(14) The length can be increased 32 times if the diameter be 

doubled. 
And, conversely, if the diameter is doubled, the length can be 
increased 32 times and pass the same quantity of gas. 

(15) If the diameter be halved the length must be reduced to 

l-32nd to pass the same quantity of gas. 
And, conversely, if the length be made l-32nd of the distance, 
the diameter may be halved. 

Specific Gravity— Length. 

(16) If the specific gravity be doubled, the length must be halved, 

and vice versa, to satisfy the equation. 

Specific Gravity — Diameter. 

(17) The specific gravity follows the same laws as the length does 

in relation to the diameter. 
It must be borne in mind, when using the above rules, that all other 
conditions remain the same when considering the effect of one factor 
on another in the different pairs. 

(From the "Journal of Gas Lighting.**) 
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Berviee Pipei. 

If the distance from the main does not exceed 30 yards— 

1 to 10 lights require f inch wrought iron tabe. 
11 „ 30 „ „ 1 

31 „ 60 „ „ li 

61 „ 120 „ „ 1| 

2 



120 „ 200 



»> 
»» 






>» 












»> 



»» 



Allowing for partial closing of the pipes through corrosion ; \ inch and 
smaller wrought iron tube should not be used. 

Leadf copper, compo. and brass tubes are measured by outside 
diameter ; iron pipes are measured by internal diameter. 

Cast iron pipes should be laid with a fall of \ inch per pipe for 
outdoor mains, with ground well packed under joints before filling in, 
and not less than 21 inches from surface of ground. 



Serriee Pipes. (Shaw.) 



Internal Diameter 
of Pipe. 



Inches. 
\ 

1* 
2 



Greatest Number of 

Burners allowed, 

at 5 Cubic Feet 

per Hour. 



10 
25 
45 
70 
100 
185 



Length of pipe, say, not 
more than 100 feet. 

Length of pipe, say, not 
more than 200 feet. 



Services should be connected to gas mains by bend and hole in 
top of main. 

Half inch diameter services should only be used for public lamps. 

All services in doubtful soil should be thoroughly protected. 

Use hot pitch or a mixture of sand and tar in wooden troughs to 
prevent corrosion of service pipes. 
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Average Weight of Bntt-welded Gas Tnbee and Fittings. 



Bore. 


Tabe8 0ength:=14ft.)| 


Fittings. 1 


Weight per 
100 Feet 
Bun. 


Length re- 
quired to 
weigh 1 
Ton. 


Weight of 10 
Elbows. 


Weight of 10 
Tees. 


Weight of 10 
Crosses. 


Inches. 


Lbs. 


Feet. 


Lbs. 


Ozs. 


Lbs. 


Ozs. 


Lbs. 


Ozs. 


i 


26-3 


8,602 


1 


1 


1 





1 


8 


i 


40-5 


5,532 


1 


7 


1 


8 


1 


14 


f 


57-5 


3.892 


1 


13 


2 


4 


2 


3 


i 


82-9 


2,700 


2 


15 


3 





3 


4 


f 


122-0 


1,836 


4 


6 


5 


4 


5 


11 


1 


174-9 


1,281 


6 


4 


7 


10 


9 


2 


u 


244-3 


917 


10 


10 


12 


15 


14 


11 


n 


310-2 


722 


15 


8 


16 


7 


18 


10 


If 


359-5 


623 


15 


12 


20 





21 


4 


2 


421-0 


532 


22 


6 


27 





31 


4 


^ 


515-0 


485 


30 


2 


32 


8 


41 


4 


2i 


610-4 


367 


46 


2 


50 


15 


61 


4 


2i 


658-8 


340 


65 


10 


68 


8 


80 


10 


3 


759-3 
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73 


8 


85 


5 


88 


12 


H 


878-4 


255 


101 





121 





129 





4 


1,032-3 


217 


126 





144 





158 






Gas tubes are usually tested to 50 lbs. per square inch. Water tubes 
to 300 lbs., and steam tubes to 500 lbs. 

Weight of 1,000 Feet of Oas Tnbe, Ordinary Quality. 







Cwts. 


Qrs. 


Lbs. 






Cwts. 


Qrs. 


Lbs 


}inch 


= 


2 


2 





1^ inch 


^sz 


26 


2 





i » 


=S 


3 


2 


18 


If » 


z^z 


35 








f ,, 


= 


6 


1 


18 


2 „ 


z^ 


40 





4 


i » 


= 


7 


3 


2 


.2i » 


= 


47 


2 





i » 


r=: 


10 


2 





^ » 


z^ 


59 


2 


16 


1 » 


s= 


16 








2f „ 


^ 


74 


3 


26 


1* .. 


=z 


22 


2 





3 „ 


= 


82 


1 


26 



Table Showing Weight per Foot of Wrought Iron Tubing. 



Internal 
Diameter. 


Gas. 


Watkr. 


Steam. 


Weight per Foot. 


Weight per Foot. 


Weight per Foot. 


Inches. 

f 

1 

u 

H 

2 

2i 


Lbs. 

1 
1 
2 
3 
4 
5 


Ozs. 
14i 

H 

15 
10 
2i 

lOi 


Lbs. 

1 
2 
2 
3 
4 
6 


Ozs. 
15 

1 

14 

9 

14 

4 


Lbs. 

1 
2 
3 
4 
5 
7 


Ozs. 
15^ 

8 

3f 

4 



8 





WUtwarth ThTMda fi>r Bu *>d Water PtpM. 



lnten.1 




Dt.ni«ter 


No. of 


luUnua 


Klten,.! 


Dismeler 


No. of 


DbunsU 


DiuneUr 


>tB»tt«n 










Thmds 


of Pipe. 




otThrad 


[Winch 


^^ 


o, Pipe. 


ofThnJC 


p»l«li 


iDChH. 










IlilhM.' 


Inch*. 




^ 




■93«7 


28 


H 


2-246 


2-1285 


11 


i 


■518 


■4r.06 


19 


2 


2-347 


2-2305 


11 


1 


■656:1 


■689 


19 


2i 


2-467 


2-361 




i 


■S257 


■7S42 


14 


21 


2-5B75 


2-471 


11 


1 


■9022 


■8107 


14 


21 


2-794 


2-678 


11 


J 


]^041 


■94 9E 


14 


21 


3-0013 


2-882 


11 


ji 


1189 


1-0975 


14 


n 


3-124 


3-009 


11 






11 925 


n 


2f 


3247 


S-I306 


11 


ij 


1-492 


1-3755 


n 


H 


3-367 


3-251 


11 


1* 


165 


]'5S3& 


11 


3 


S^4S5 


3-3686 


11 


i| 


1-746 


1-6285 


11 


Si 


3-6985 


3-681B 


11 


ij 


1'882G 


1-70B 


11 


4 


3-912 


3-7956 


11 


11 


3-022 


1-965 




3i 


4-1255 


4-0085 


11 


11 


21 e 


2042 


" 






4223 


11 



Chart for Fablie Lighting, (Ilontman.) 
Showing Lighting and Eitingniahing Times for 3,660 honra' light 
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Companion of Pressures in Inches of Mercnry, Feet of Water, 

and Pounds per Square Inch. 



o 

X 
2 

3 
4 
5 



xo 



15 



ti 

■§ 
I 



1 






30 



«S 



30 



35 



r 


3 


^ 


--^ 




'\ 


\ 


v 


A 

^ 


— ^ 


> 


J ■ 


5 


Sr- 


A 

V 


\- 


5 



10 



TC 2 



CO 

tn 

.a 

o 

ao a 



25 



30 



z 334567 8 9 zo It xa 13 14 15 
Pounds per Square Inch. 
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30 lbs. piessnre per square inch equals about a head of 70 feet, 
with a Telocity of 66 feet per second. Therefore, area of pipe x feet 
per second equals discharge per second. 

Double pressure equals 1^ times deliyery. 

Four times length of main equals ^ delivery. 

Double the pressure on the district increases the leakage about 
50 per cent. 

Other authorities say loss by leakage is in direct proportion to the 
pressure. 

Mr. Hill found at Wallasey a loss of 1*7 per cent, between the 
station meter and the gasholder outlet due to temperature, and as 
the ** Sales of Gas Act '* allows 2 per cent, fast, and 3 per cent, slow, 
in the meters, he suggests that ^ per cent, should be allowed off 
leakage on this account. 

With regard to district pressures it may be laid down as a safe rule 
that the lower the pressure can be kept, consistent with an efficient 
and proper supply, the lower will be the unaccounted-for gas. 

Gas at the depth to which the mains are laid, say 2 feet as the 
average, the temperature would be between 1° and 2° higher than 
that of the air. According to the Meteorological Office the mean 
air temperature for the United Kingdom may be taken as 48*69*" F., 
so that 50° F. may be taken to be the average temperature of the 
street-mains at a depth of two feet. 

The mean rise of temperature between the main and the meter is 
6^° ; some meters show more and some less. (Lewis T. Wright.) 



Transmission of Gas of 0*55 Specific Gravity through Pipes and 

Bends (90^). (Nelson W: Perry.) 



Inches 
Pres- 
sure. 


Cubic Feet 
Delivered. 


Velocity of 
Flow in Feet 
per Second. 


Increase 

of Pressure 

per Bend. 


Total 

Increased 

Pressure for 

25 Bends. 


Total 

Initial 

Pressure. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


12,500 
18,000 
23,000 
25,500 
28,000 
32,000 
34,000 
36,000 
38,500 
40,000 


4*0 

60 

80 

8-8 

9-6 

11*0 

120 

12*5 

13*0 

14-0 


O-OOlGin. 
0034 „ 
0*006 „ 
0-0076 „ 
0-0086 „ 
00113 „ 
0*0135 „ 
0*0147 „ 
0-0158 „ 
0*0183 „ 


004 in. 
0-085 „ 
0-1495 „ 
0189 „ 
0-215 „ 
0-28 „ 
0-34 „ 
0-39 „ 
0-4 „ 
0-46 „ 


104 
2*085 
315 
4189 
5*215 
6*28 
7-34 
8*39 
9*4 
10*46 



Maximum pressure should not exceed twenty-tenths on district 
where possible, 
li to 2 inches pressure at works may be sufficient if the distributing 
WD9 are of sufficient capacity, and the district fairly level. 
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NAPTHALENB. ^^ 

Gag, after trayeUing ten mUes, has been found to lose only about 

' ^^A ^c^h"^^^ coal by railroad, .and generate 

electricity^^^^^^^^ than to generate it and transmit the current 

^''wifh oTdiTary town gas of 16 candle power, 3,000 HP. can be sent 
one mile for an expenditure of 1 H.P. = A P^r cent, of the power 

^Mr Wright estimates the true loss as about 65 per cent, of the 
unaccounted-for gas ; later, by another method, at 75 per cent. ; and 
now, from such examinations of the results of the inferential as he 
has been able to make (from the observation of the amount of water 
absorbed by the gas passing through consumers' wet meters), it 
appears to him safe to say that the bulk of the unaccounted-for gas is 
actual loss from the distributing system, always, of course, assuming 
the meter registration to be reasonably correct. 

Hapthalene arises from the H of the gas passing through the 
main, by the action of the exosmose, and thus the carbon, deprived 
of its diluent, is deposited in its solid state. (Dr. Frankland.) 

If this were the case napthalene would always be deposited, 
which is not the case. 

Napthalene is found wherever there is a condensation of the 
aqueous vapour contained in the gas. If the aqueous vapour is 
removed from the gas, napthalene is not deposited under ordinary 
conditions of temperature and pressure. (Br^mond.) 

Napthalene is generally only found when mains or services are 
laid less than 1 foot from the surface of the ground. 

Every deposit of napthalene equals a reduction of illuminating 
power in the gas. 

Naptha dissolves napthalene. 

No napthalene found in mains since water gas used at Blackburn. 

Napthalene is not likely to be found in mains if the gas contains 
more than 2 per cent, benzol. (Col. Sadler.) 

Of all enrichers, benzene, for the average consumer of gas, gives 
the greatest value for the money. 

Toluene and xylene are better enrichers ; but their non- volatility 
precludes their employment. 

One gallon of benzol enriches 9,500 feet 1 candle, and 1 gallon 
of carburine will improve 2,800 cubic feet to the same extent. 
(Mr. Hunt.) 

The temperature at which benzol volatilizes is a convenient one, 
as ordinary steam heat is all that is required. 

The amount of benzol vapour which common coal gas can per- 
manently retain, viz., over 50 grains per cubic foot at 0° C, is greater 
by far than anything required to enrich low-quality gas to any 
reasonable extent. 

Benzol at a temperature of 70° to 80° C. will dissolve 2^ to 2| lbs. 
of sulphur per gallon, but when cooled to 25° C. it will only retain 
i lb. per gallon. 

Between 7 and 9 grains of benzol vapour will improve 1 cubic 
foot of gas between 4 and 5 candles. (Dr. Bunte.) 
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The results of disillumined gas plus benzene are — 

0*0221 gramme per litre gives 1*3 candles 

0-0385 „ „ „ „ 4-1 „ 

0*0544 „ „ „ „ 7*6 „ 

0-0630 „ „ „ „ 9-6 „ 

0*0863 „ „ „ „ 21*0 „ 

0-0881 „ „ „ „ 20-2 „ 

0*1231 „ „ „ „ 30-0 „ (Irwin.) 

Benzene gives aboat -4 candles per gallon per 1,000 cubic feet. 

Qas enriched 1 Candle by 
1 Gallon of the Liquid. 
Benzol (chemically pure) .... 13,300 cubic feet. 

Benzol (90°) 12,600 „ „ 

Carburine (680 specific gravity) . . . 5,700 „ „ 
Common petroleum spirit (700 specific gravity) 4,300 „ „ 

In an enricher a carbon atom combined with H^ or H, is useless ; 
a carbon atom combined with H, possesses enriching power ; a carbon 
atom combined with H^ possesses two or three times the enriching 
power of the foregoing ; and a carbon atom combined only with other 
carbon atoms again possesses two or three times the enriching power 
of a carbon atom combined with H. (W. Irwin.) 

By admitting alcohol vapour, in regulated amount, to the gas main, 
the illuminating power of the gas is unaffected thereby, though the 
freezing-up of the services is prevented. The alcohol is vaporized by 
steam or direct heating just before admission to the main, and the 
quantity is regulated according to the amount of gas passing per 
hour and the prevailing degree of cold. (Dr. J. BueL) 



Disillomined Oas and Heptane (prepared by Fractionating Petrolenv 

Spirit). 

0*0528 gramme per litre gives 2*15 candles. 
0*1010 „ „ „ 6*35 „ 

0*1516 „ „ „ 11*10 „ 

Napthalene is the cheapest and greatest enricher, but it cannot be 
supplied with gas from the gas-works because of its non-volatility. 
It could, however, be used for the street lamps with a carburetting 
apparatus, which would give 50 per cent, more light for a mere 
fraction. Were separate mains employed and water gas used in con- 
nection with napthalene, the cost of street lighting would be reduced 
to a minimum. (W. Irwin.) 

In napthalene not more than 44 per cent, of the weight added to 
the gas is really utilized in emitting light. 

The napthalene in the gas in street mains may be held in suspen- 
sion, by admitting gasolene into the main outlet pipe leading from 
the. works to the street main system, by reason of its greater affinity 
for it than moisture has. 

Napthalene melts at 174° F. and boils at 428° F« 



NimBBB OF FBBT FOR ONB PBNNX. 



304 QAB bngiitier'b pockbtbook. 

Compariion of Friow of fiai in Btcrlii^ and FtBush KobIm. 

"/- '3/- '*/- -ih '61' 17/- I8^ 19/- oof- 'If- »*l- »3/- »W- 



RELATIVE VALUES OF ILLUMINATINQ AGENTS. 
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Oxygta rtqnired tor Complete Combiutioa. 

1 Yolnme Methane reqaires . . . 2*0 yolames Oxygen. 

Hydrogen „ . . 0*5 

Benzol „ 7*6 

Propylene „ . 4*6 

Ethylene „ . . . 3*0 



a 



Carbon monoxide 



0-6 



>t 

»» 
»> 

>» 
»» 



V 



(M. Casanbon.) 



Bolative Valaei of ninminating Agents. (Dr. Letheby.) 

In respect to their vitiating and heating effects on the atmosphere, 
when burning so as to give the light of 12 standard sperm candles. 





Thermal 

Units of 

Heat 


Oxygen 
Consumed. 


Carbonic 

Acid 
Produced. 


Air 
Vitiated. 






Cubic Feet. 


Cubic Feet. 


Cubic Feet. 


Oannel Gas 


1-950 


3-30 


2-01 


50-2 


Common Gas . . 


2-786 


5-45 


3-21 


80-2 


Sperm Oil 


2-325 


4-75 


3-33 


83-3 


Benzol . . . 


2-326 


4-46 


3-54 


88-5 


Paraffin . 


3-619 


6-81 


4-50 


112-5 


Camphine . . . 


3-251 


6-65 


4-77 


119-2 


Sperm Candles 


3-517 


7-57 


5-27 


131-7 


Wax „ 


3-831 


8-41 


5-90 


149-5 


Stearic „ 


3-747 


8-82 


. 6-25 


156-2 


Tallow „ . . 


5-034 


12-06 


8-73 


218-3 



Gas Consumed and Carbon Dioxide Frodnoed per hoar to Tield 
an niomination of 48 Candles. (16*5 Candle Gas.) 

(Professor Lewes, June, 1893.) 





Illumination 

Value per 

Cubic Foot. 


Oaa 
Consumed. 


COa 

Produced. 


No. of 

Adults to 

Produce CO2 


Flat flame No. 6 . 

j> j» »» " 
ti »i »» * 
London Argand 

Regenerative . 
Paraffin I<amps 
Candles, sperm 


2-5 
2-1 

1-9 

3-3 

lJ-0 


19-2 
22-9 
25-3 
16-0 

4-8 


10-1 
121 
13-4 
7-9 
2-6 
13-5 
19-(>2 


16-8 
20-1 
22-3 
131 
4-1 
22-5 
32-7 



Q.E. 






r 
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BfLtj in CaadlM of Yarioiu Burnan at 6 &et per Hour. 

(J. H. Gox, Jimior.) 

Duty in 
Candles. 
Standard Argand 16 

Public lamps, average 13^ 



Good batswing after 1 year's use, rather 
Good batswing after being cleaned 
Iron batswing, corroded and old 
Iron fishtail, corroded and old 
Iron batswing, corroded and old 
Iron batswing, corroded and old 
Wasteful Argand .... 
Peebles* 6 feet regulator burner 
Bray*8 No. 8 flat flame burner . 
Borrowdail's goyemor burner. 

Sugg's Christiania burner 14 

A good unr^:ulated burner under unnecessary 

pressure 8 

Same burner regulated 12^ 

Number 1 Argand, at 5 cubic feet per hour . 16 

Number 1 Argand turned down to 3 cubic feet . . 8 
Wenham lamp ground glass shade, at 45° . . 22 



dirty . 10 
. 13i 
. 7i 
Si 
. 6 
. 3f 
. H 
. 14J 
. . 14 
13} 



Average of above 18 burners . . . llj 



Other niuminantfl under Beet Conditions. (J. H. Cox, Junior.) 

In candles per 1^, 

Electricity (incandescent), at \d. per hour per 

8 candle lamp 3^ 

Candles — Palmatine candles 6 to 1 lb., at lOd. 

Eer pound, 9 inches long burning 1 inch per 
our. Illuminating power corrected to 
120 grains per hour, 1^ standard candles . | 

Oil — Petroleum burnt under best conditions in 
a 20 candle daplex lamp (oil at 1*. per 
gallon) 9i 

Burners when light«(i use less gas than whem fumed on and not 
lighted ; a No. 3 burner lighted consumes 3 cubic feet, unlighted 
3J cubic feet per hour. 
Effects of different pressures on a No. 4 union jet burner :— 
Pressure in inches . . 0*5 10 1-5 20 25 30 
Consumption, cubic feet 3'9 5*6 70 8*45 9 6 10 5 
Unit efficiency, candles . 3-0 24 19 15 135 1*11 



VITIATION OP AIR. 
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Carbon and Hydrogen Escaping Unoonsnmed per 100 parts C, 
Completely Burned. (W. ThomBon, 1890.) 





Carbon. 


Hydrogen. 


Petrolenm lamp, not burning at the lull . 
„ „ with flame turned full on 

Argand gas flame 

»j j> ...... 

Bray burner, consuming 4 cubic feet per 

hour 

Welsbach burner 

Marsh-Greenairs heating-stove burning • 
5-62 cubic feet per hour 
5*74 fi ii ji .... 
**1" »»»»»> .... 
Thos. Fletcher's heating stove : — 
with 8 Bunsen burners . . 
burning 6*81 cubic feet per hour . 
with 20 Bunsen burners with asbestos 
and fire-clay back consuming 8-14 
cubic feet per hour . . . . 
Heating stove 


1-204 

0011 

1-112 
1-5 

1-26 
3-76 
9-74 

4-33 
6-63 

13-89 

20-0 


0-309 
0025 
0-254 

0-096 
0-379 

0-3 

1-18 

1-21 

2-46 
2-0 

1-17 



• 


Vitiates 
per Hour. 


Unite of Heat 
Oenerated. 


An adult man .... 
Each cubic foot of gus burned . 
Each pound of oil burned . 
„ „ candles burned . 


Gabic Feet. 
215 
8-5 
150 
160 


190 
600 

I 16,000 



Daylight on a well exposed table equals 4-6 foot candles. 

Minimum required for reading without fatigue equals 1 candle at 
Ifoot. 

Minimum required for fluent reading equals 1*4 to 2-3 candles at 
Ifoot. 

Minimum required for street lighting equals 0*09 candles at 1 foot. 

(Cohn and Wybauw.) 

The light from the edge of a petroleum lamp flame equals 62 to 63 
per cent, of that from the flat side. 

The reflective power of a whitewashed ceiling equals a loss of light 
of only 20 per cent. (H. E. Harrison.) 

The intensity of illumination on a given surface is inversely as the 
square of the distance from the source of light. 
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Adults inbale about 1 pint of air at each bieath and take 18 to 20 
bteatbaa minute. 

The heat erolred bj a gas flame is the beat of all TentOating 
medinma, prorided a simple means is seemed for oonyeying the 
prodocts of oombostion ont of the room. 

It is said that the injmy done to books by gaslights is not doe to 
the sulphur in the las bat bj what is called carbon oxysolphide, 
condensing on anj object a foot or so below the ceiliug. 

If a chimnej is properlj oonstmcted it may be nsed for a yenti- 
lating flae, and be abLs to giye a poll of one iod half to two tenths 
of an inch yacnnm, which is sufficient to conyey away all the yitiated 
air from a room if the flue pipes are large enough. 

Temperature cf air in rooms should not be more than 10^ higher at 
1 foot from the ceiling than at 1 foot from the floor. 

Two-tenths of an inch draught giyes a yelocity of air of about 
6 feet per second. 

Inflowing air should, if possible, be warmed to within 10^ or 15° of 
the temperature of the room. 

The rarer the atmosphere the larger the flame; the denser the 
atmosphere the smaller the flame. 

When coal gas is burnt sulphur is liberated as sulphur dioxide, but 
this is not further oxidized to sulphuric acid (H,SO^ unless the tem- 
perature falls so greatly that water is deposited. 

A certain amount of sulphurous acid is no doubt formed whereyer 
gas is burnt, and this may, in the presence of moisture, be conyerted 
into sulphuric acid, but when ordinary yentilation is usal, the amount 
must be yery trifling. 

Dust collected in rooms where no gas is burnt is found to contain 
an equal quantity of sulphates as that found in gas-lighted rooms. 

No instance d imperfect combustion has been ever substantiated 
against lighting-burners, nor eyen against heating-burners of good 
class when employed under their normal working conditions. 
(L. T. Wright.) 

CO, in gas has more effect on a flat flame than in an Argand in 
reducing the light, the depreciation being less the higher the candle 
power. 

No trace of CO or acetylene was found in the products of combus- 
tion from Welsbach, Argand, and Bray burners. (Lancet.) 

Two cubic feet H -|- 1 cubic foot forms 2 cubic feet aqueous 
vapour. 

By heating the air and gas before combustion, the carbon particles 
in the gas are liberated earlier and brought to a higher temperature, 
at the same time they are kept at this temperature for a longer 
period. 

The burner tip should be of a non-conducting nature, as steatite, so 
as not to reduce the intensity of combustion. 

In Argand burners the supply pipes to the ring are generally of 
smaller area than the sum of the areas of the holes in the latter so as 
to reduce the pressure at the point of consumption. 

Angle at which the mean intensity of flat ^me burners is obtained 
varies from 1-5° to 10'25° average 4-68°. (A. C. Humphreys.) 



PBOPBB HEIGHT OF LAMPS. 
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Siiei of Internal Pipes, Lead and Iron, Acoording to Vnmber of 
Bnmeri Beqnired, as Allowed by Blackpool Corporation Gas 
Department. 



Internal 
Diameter 
of Pipe. 


Greatest 

Length 

Allowed. 


Greatest No. 
of Burners. 


Internal 

Diameter 

of Pipe. 


Greatest 

Length 

Allowed. 


Greatest No. 
of Burners. 


Inches. 
1 

f 
f 


Feet 
20 
80 
40 
50 


8 

6 

12 

20 


Inches. 

1 

u 

2 


Feet 
80 
]00 
150 
200 


40 

60 

100 

200 



11 
11 
11 
11 



Light absorbed by clear glass globes 

„ engraved globes . 
globe of ordinary pattern 

„ obscured all over 
white opal globe 
painted opal globe 



12 


per 


ceat. 


24 






85 






40 






60 






64 







Clear glass prevents 10*57 of the light from passing through it, 
ground glass stops 29*48, smooth opal glass over 52*83, and ground 
opal more, 55*85. 

Formnla for determining the height of lamps for a known radins 
of lighting — 

h = l ^2 = 0-7 1 

The proper height of any light should be 0*7 of the area to be 
lighted by any one light. (Electrical Committee Chicago Exhibition.) 

The proper height of any light should be such as to give an angle 
of 7° to the most distant point it is intended to serve. (Professor 
H. Robinson.) 

For comparisons of lighting he reduces the various distances, etc., 
to a co-efficient. 

Candle power of lamp X height of lamp in feet 
distance from lamp to farthest point served in feet * 

With Argand or flat flame burners free to the air, the distribution of 
light upon a circumscribing sphere of radius 1 is equal, but this is not 
the case with regenerative or incandescent burners. (W. Hy. Webber.) 



Table of Lighting. (Deduced from B. Richards.) 



Street lighting 



11 
Church 

11 
Theatre 



11 
11 
11 
11 



Public halls lighting 
Workshop 



Boad or pavement . 

WaUs . 

General . 

Pew or reading desk 

Auditorium 

General area 



^ candle foot. 



}) 



11 



11 



2 to 3i 



11 
11 
11 
11 
» 
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Tftble of Lighting. (Deduced from B. Bichards) — continued. 

Workshop lighting Benches 3^ candle foot. 

yy „ . Optical or fine work . .5 „ ,, 

Domestic „ Corridors, passages, halls, etc. | „ „ 

„ „ . Living rooms . . • • i n » 

„ „ Library, study, or bedroom . i » .» 

„ „ . Table lighting ... 2 „ ,, 

The sun's light equals about 5,600 candles placed at a distance of 

30 centimetres. 

The moon's light equals about ^th candle placed at a distance of 
3*65 metres. 

The sun's light equals 5,500 candles placed at a distance of 12 Inches 
(another authority). 

Formula to Find the Intensity of Light any Difltanee. 

Initial power of the light 
Intensity = distance^ 

Formula to find the Initial Intensity of any light. 

Initial intensity = intensity found at any point X distance of that 
point from the source of light *. 

Formula to find distance at which any Intensity will be found. 

/initial power of the light 
Distance = V Intensity desired 

Formula to find Intensity of Light falling upon a point in a 
horizontal plane from a source above it. 

Il luminating power of source X vertical height above pla ne 

Slant distance* 

Oerman Experiments show that a light of 1 candle power can be 
seen 1*4 mile on a clear dark night, and 1*0 mile on a rainy night. 

American Experiments show that in clear weather a light of 

1 candle power is visible at . . . .1 mile. 
3 „ „ „ (with a binocular) 2 miles. 

10 „ „ ), If }> J j> 

20 „ „ „ (faintly) . . . 6 „ 

33 „ „ „ (easily) . . . 5 „ 

Dutch Experiments show that a light of 

1 candle power is visible at 1 mile 
H ,, » » » 2 miles 

16 „ „ „ ., 6 „ 



wsnuLTios. 
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A green light to be seen at 

1 mile at sea must be of 2 candle power. 

2 miles „ ,) „ 15 

* n >» >♦ »» "1 

^ ii 11 11 11 106 

The shade of green recommended is a clear blue green ; the shade 
of red a coppery red. Bed lights show better than green ones at the 
same distance. 

One light of whatever intensity is not perceptible to oar eyes in 
presence of a light 64 times brighter. (Bouguer.) 

The intensity of illnmination which is received obliquely is pro- 
portional to the cosine of the angle which the luminous rays make 
with the normal to the illuminate surface. (Dr. Atkinson.) 

Freshly fallen snow reflects 78 per cent, of light. 
White paper „ 70 

„ sandstone ,, 24 

Ordinary earth, road 

surfaces, etc. 



11 



8 



11 
11 

11 



11 
11 



♦» 



Old Bule for Hnmbers of Bamers Required for Effective lighting— 

Floor area in square feet 
50 

Ventilation Notes. 

Ventilation should be arranged so as to change the air in a room 
in 10 minutes as a maximum. 

With a 6-inch vertical flue 12 feet long the most economical burner 
to use is one of 1 cubic foot per hour capacity, this will remove 
2,460 cubic feet of air per hour. 

The maximum consumption of gas in a ventilating flue should not 
exceed 5 cubic feet per hour for each circular foot area of section. 

The atmospheric and illumiuating flame is the same in all cases 
where a large quantity of air has to be heated to a low temperature. 
The consumption of 1 cubic foot of gas in a ventilating shaft can be 
made to remove more than 2,400 times its own bulk. 

Normal air contains 0*364 grains CO, per foot. 

Air to be pure should not contain more than 7 grains CO, per 
cubic foot. 

Adult expires 15 cubic feet of air per hour, containing 4^ per cent. 
CO, = '8 cubic feet per hour. 

Air at 60^ should not contain more than 5 grains moisture. 





1 Adult. 


1 Cnbic 
Foot Gas. 


Cubic feet of CO, per hoar ^ven off by * 
Heat units given off by . . , . 
Grains per cubic foot of water vapour 
Cubic feet of air actually used by . . 
„ ^ „ vitiated in an unventi- 

lated room . 


0-8 

480 

200 

15 

1,200 


0-5 

620 

440 

60 

800 
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Ventilation shoald be 2,000 to 3,000 cubic feet per hour. 

About S cubic feet to 4 cubic feet per minute of air is required for 
each adult. Sleeping apartments should have about 1,000 cubic feet 
per occupant. Workshops and living rooms not less than 600 cubic 
feet per person. 

For each lamp or gas burner from 30 to 60 cubic feet of air is 
required per hour. 

A 4-inch shaft 8 feet long, with the help of a jet of gas burning 
^ to f of a cubic foot per hour, will aspirate upwards of 1,100 cubic 
feet of air per hour in a still atmosphere, and with further assistance 
of a wind moving across the ventilator at a velocity of 4^ feet per 
second, it will aspirate 3,126 cubic feet per hour. 

A 6-inch similar cowl, with a burner consuming 4 cubic feet of gas 
per hoar, will, in a still atmosphere, aspirate about 2,600 cubic feet of 
air per hour, and with the assistance of wind moving at the velocity 
of 9 feet per second it will aspirate 6,840 feet per hour. (W. Sugg.) 

Professor Smithells concludes that when compounds of carbon and 
hydrogen meet oxygen the is first oxidised and the H liberated, 
which is then converted into steam by oxidation. The light of the 
flame being due to carbon formed by the decomposition of hydro- 
carbons by the heat of the primary combustion, according to the 
equation :— 3 C,H^ = 2 CH^ -f 4 CH -f- 2 H,. 

Professor Lewes believes that the H rapidly, and the methanes 
slowly, diffuse to the outside of the flame, and are burned, producing 
heat suflScient to raise the temperature of the gas to 1,000° C, at 
which temperature the unsaturated hydrocarbons and the higher 
saturated carbons and hydrogen compounds being decomposed into 
acetylene, the heat rising to 1,200° C. changes the acetylene into 
C and 0, and the C becoming incandescent gives off the light. 

Gas-flames with an ample supply of primary air when in contact 
with incandescent surfaces, do not discharge combustible gases 
among the products of combustion. 

Professor Macadam found that with 4*85 candle power per foot 
gas, the best value with a Welsbach S burner was 10*66 candle power 
per foot, with 7*12 candle power per foot gas it was 12*75 candle 
power per foot, and with 2*80 candle power per foot gas it was 
13*63 candle power per foot. 

The loss by different glasses, etc., is shown as follows : 

Clear glass 1 cubic foot = 12*81 candle power. 
Mica .... =12*81 
Amber glass 1 cubic foot= 12*18 
Ruby glass . . = 9*06 

When gas gets much above 24 candle power, it is not advantageous 
to employ the ordinary form of Welsbach C burner as supplied by 
the company at the time (1895). (Professor W. I. Macadam.) 

By a more perfect admission of gas and air in a Bunsen burner, a 
corresponding heat development ensues, and a light equal to 27 
candles per cubic foot can be obtained with 16 candle gas and 
without a chimney with the Welsbach- Denayrouze burner. 



» 
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)> 
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OOMFARATIYB COST OF DIFFBBBNT LIGHTS. 
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Hnmber of Candle-power Hours which can be Froyided at 
the Same Cost. (Prof. D. E. Jones.) 



Wax .... 33 

Stearine . . . . 77 

Incandescent electric light 440 

Coal gas (slit burner) . 625 
Acetylene and air (slit 

burner). . . . 716 

Oil gas . . . . 1,660 

Water gas and benzene . 1,666 



Electric arc . . . 2,322 
Schulke's petroleum-gas 

lamp . . . . 2,250 
Auer - Welsbach burner 

with coal gas . . 2,300 
Auer - Welsbach burner 

with water gas . . 4,350 



Comparative Cost of Different Illnminants (Germany). 

Gas Argand burner 943<^. 

„ small Wenham burner 483<2. 

„ carburetted with napthalene, No. 2 Biay burner 574<^. 

„ Welsbach burner 305^. 

Petroleum, large centre draught burner . . . 449<i. 

„ small burner 589^. 

Electric glow lamp . 1954^. 

The comparative cost of a duplex lamp, with pamffin at Sd. a 
gallon equals 5'63^. per 1,000 candles per hour. 

The comparative cost of a Lamp Beige, with paraffin at Is. a 
gallon equaJs 7'9d. per 1,000 candles per hour. 

The comparative cost of Schulke regenerative lamp, with gas at 
2*. Sd, per 1,000 feet equals 2-9<^. per 1,000 candles per hour. 

The comparative cost of Wenham regenerative lamp, with gas at 
2s, Sd, per 1,000 feet equals 4*1^. per 1,000 candles per hour. 

The comparative cost of ordinary flat flame burner equals S'Sd, per 
1,000 candles per hour. (L. T. Wright.) 



Incandescent Electric Lamps. 



Number of Hours 

the Lamp 
has beeu alight. 


Illuminating 
Power. 


Number of Hours 

the Lamp 
has been alight. 


Illuminating 
Power. 




96 

168 

307 

357 


14-8 
14-0 
13-3 
11-5 
11-8 


453 
620 
612 
709 
761 


10-8 
11-5 
10-5 
10-5 
10-5 
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SeUtiTe Coit of Illiuiiiiuuiti. 

Gas at 3#. per 1,000 cabic feet (16 candle) with fiat flames equals 1. 

Composite candles, each burning 136 grains per boor at Is. per 
lb. equals 16*6. 

Mould tallow candles, each burning 145 grains per hour at 
6d. per lb. equals 18*0. 

Wax candles, each burning 166 grains per hour at 1#. per lb. equals 
22-6. 

Sperm candles, each burning 133 grains per hour at 2*, per lb. 
equals 34*3. 

Some 20 to 60 per cent more sulphur is given off from paraffin 
lamps than from gas lamps. 

Table Showing the Luminous Effect of a Square Centimetre 
of Flame Area. (M. Monnier.) 

In a jet gas flame 0*06 candle. 

„ an Argand burner . . . . 0*3 
„ a Siemen*8 burner .... 0*6 
„ incandescent electric lamps . . 30*0 
„ the electric arc .... 4800 



» 
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Gas StOYe Hotes. (Lancet.') 

1. It is desirable that the stoTc should afford radiant heat only. 

2. For this purpose some form of clay " fuel " is best. 

3. Attention should be given to the packing of the " fuel " so as to 
avoid undue clogging or impeding the flow of the flames. 

4. The stove should be supplied with separate burners with taps. 
6. Some means of controlling the supply should be adopted. 

Governors or regulators are indicated. 

6. A simple arrangement appears to be necessary by which nndue 
drying of the warmed air may be avoided. 

7. Indestructible enamel, or enamel little affected by the heat, 
should be used for coating the stove ; common paint, yarnish or 
ordinary enamel should be avoided. 

8. An efficient flue should in all cases be provided with gas fires, 
however, the flue pipe may be much smaller than the chimney, 
required by coal fires. 

9. The burner should be as far as possible noiseless. 

Pressure for gas stoves should not be less than four-tenths, eight- 
tenths best. 

One volume of gas requires 5^ volumes air for complete combustion. 

Average mixture of gas and air in gas stove Bunsen burners is 
1 to 2 '3, remainder 3*2 is supplied around the flame. 

On a large scale one pound of meat can be cooked by 1 cubic foot 
of gas. 

Gases in flues of gas stoves consist of about :— Oxygen, 12 per 
cent. ; Nitrogen, 84 per cent. ; COa 4 per cent. 

40 cubic feet of gas in an average gas stove raised the temperature 
of a room 1,080 cubic feet, 6® F. 



OAS STOVBS. 
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8iie of Pipes and Lengths Allowed for Ou Stoves by Blaekpool 

Corporation Oas Department. 



Average Inside Size of Oven. 


Distance of Stove 
firom Meter. 


Pipe 
Required. 


11 inches X 11 inches X 14 inches 


under 30 feet 


i inch. 


11 „ xll „ X14 




if 60 „ 


1 M 


14 „ X14 „ X24 




if 30 „ 


1 ,. 


14 „ Xl4 „ X24 




if 60 „ 


f ,, 


15i „ Xl5i „ X24 




if 30 „ 


i „ 


15i „ Xl5i „ X24 




if 60 „ 


1 » 


19 „ X18 „ X24 




if 30 ,. 


1 


19 „ X 18 „ X 24 




if 60 „ 


U V 



Connect all gas stoves with a large gas supply and with full-way 
taps and fittings. The chimney should be closed with a wrought iron 
plate with a hole in it to allow the flue of the gas stove to pass 
through. 

One degree F. rise in temperature per 15*4 cubic feet gas consumed. 
Seven lbs. coal required for same rise in temperature. (Professor 
Lewes.) 

Total calorific value of gas is constant, whether Bunsen or 
luminous flames are used, if complete combustion is assured. The 
latter, however, must be kept sufficiently far from the object being 
heated so that the flame may not impinge upon its surface, or soot 
will be deposited, forming a non-heat-conducting layer, and so 
diminish the energy of the flame. 

As regards the calorific value of the gas — 



Carburetted water gas 145° 
Coal gas . . . 136° 
Mixed gas . . . 136° 



per 4i cubic feet. 



The permanent gas fi*om the flue of a gas stove consists wholly of 
CO,, N and 0. (^Lancet) 



Warming by Steam. 

When the external temperature is 10° below freezing point, in order 
to maintain a temperature of 60° — 

One square foot steam pipe for each 6 square feet glass in windows. 

One square foot steam pipe for every 6 cubic feet of air escaping 
for ventilation per minute. 

One square foot steam pipe for every 120 feet of wall, roof, or 
ceiling. 

One cubic foot of boiler is required for every 2,000 cubic feet of 
space to be heated. 
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One horse-power boiler is sufficient for 50,000 cabic feet of space. 
Steam should be about 112°. 

Heating. — 1 square foot of pipe surface heated to 200° will cause 
an average of 58° of heat in 150 cubic feet of air. 

Heating Booms. — 1 square foot of pipe sur&ce is required for 80 
cubic feet of space ; 1 cubic foot of boiler is required for 1,500 cubic 
feet of space ; 1 horse-power boiler is sufficient for 40,000 cubic feet 
of space. 

Allow 1 square foot pipe surface per 120 feet wall and ceiling space 
for steam heating. 

Allow 1 cubic foot for every 1 ,300 square feet wall surface when 
once warmed, but for preliminary heating about four times this 
amount is required, which also allows for ventilation. 

The length of piping required to represent 1 square foot of heating 
surface — 

86 inches of 1 inch wrought iron tubing to 1 square foot. 
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The allowance would be 18 square feet of heating surface for living 
rooms, 13 feet for bedrooms, and 20 feet for halls for each 1,000 
cubic feet of air in the place to be warmed. 1 inch main will supply 
up to 70 square feet. 1 J inch main will supply up to 150 square feet. 
l| inch main will supply up to 300 square feet. 2 inch main will 
supply up to 600 square feet. 2J inch main will supply up to 800 
square feet. (G. Chasser.) 



Percentage of Heat Evolved by Open Ghrates and Close Stoves. 

(D. K. Clark.) 



Heat carried up the chimney 
Radiated and conducted heat absorbed 

by the walls 

Heat lost by radiation and conduction 
externally, and heat lost by imper- 
fect combustion .... 



Open Grates. 


Close Stoves. 


43 per cent. 


24 per cent. 


42 „ 


54 „ 


15 „ 


22 „ 


100 


100 



One pound of coal burnt in an ordinary grate requires for its 
combustion 300 cubic feet of air having a temperature of 620° F. 
(Sir Douglas Qalton.) 
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Quantity of soot g^ven off by a coal fire burning house coal of 
different qualities. — The amount is said to be on the average 6^ per 
cent, of the carbon in coal. 

Bunsen burners should be made on the same lines as injectors, as 
the rush of the gas at the nipple causes the intake of air at the side 
holes. The full -pressure of the gas should therefore be allowed to 
proceed to the nipple. 

To PreTent Stoves f^om Bnsting. — ^Melt 3 parts lard with 1 part 
powdered resin ; add black lead if desired. Brush over in a thin coat. 

BoBt Heats for Cooking. 



Roasting pork . 320° F. 
Veal . . . 320° 



lO 



Pastry. . . 320 
„ puff . . 340° 



Beef . . . 310° F. 
Mutton . . . 300° 
Meat pies . . 290° 



Heats of Different Fires. 

Heat of a common wood fire = 800° to 1,140° F. 
., charcoal fire = 2,200° (about). 

„ coal fire = 2,400° 



Nnmber of Oranunes of Water Baised 1° through Eqoal Thiokness of 

Plate. 



Copper .... 918 

Zinc 292 

Iron .... 156 



Tin . . . . . 150 
Steel . from 111 to 62 

Lead .... 79 



Breeze mixed with tar (40 gallons to the ton) does not produce a 
smoky fuel, and retains its shape. 

The pitch used for agglomerating briquettes must not have had its 
binding qualities destroyed by the removal of its anthracene and 
heavy oils. A suitable pitch should soften at 75° C, melt at 100° to 
120° C, remain hard at the normal temperature, and be capable of 
carriage in bulk. Its fracture should be dead black, conchoidal, clean 
and soft, without being greasy to the touch ; and the edges should not 
splinter when bitten by the teeth. So prepared, coke would bum as 
freely as bituminous coal. (W. Colquhoun.) 

Tar for making pavements should be heated until converted to 
pitch that will harden on cooling. If overheated it loses its elas- 
ticity, and pavements made with it disintegrate rapidly. Refuse 
materials, such as clinkers, may be employed, and the pitch should 
be run straight &om the boiler on to them, well mixed and laid and 
rolled at once. One barrel of boiled tar will make 50 cubic feet of 
pavement. 
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Proportion! of Tar Conoreto. 

Aggregate 7 parts. 

Sharp sand (clean) 2 „ 

Coal tar 6 

Lias lime or Portland cement . . . 2 



»» 



If 



For the mannfacture of tar paving it is nsnal to heat the stones 
over an iron plate, and then add tar which has been heated in open 
boilers, and the lighter oils evaporated at about 194° F. The time 
taken for this heating varies from four to twelve hours, as it is not 
desirable that the creosote oils should be distilled off. 



Briquettes. 

Good coal briquettes contain 5 per cent, of pitch if strongly 
pressed, or 7 to 8 per cent, if pressed with inferior or hard pitch. 



Balloons. 

The lifting power of a balloon is the difference between its weight 
and that of the air which it displaces. 

1 cabic foot air weighs approximately -075 lb. or 1*29 ozs. 
1 „ hydrogen „ '005 „ „ -089 „ 

1 „ coal gas „ -043 „ „ -35 „ 

1 „ air heated to 200° C. weighs approximately -042 lbs. 



Therefore lifting power of coal pas = -075 - -043 = -032 lb. for 
each cubic foot contained in the balloon. 

The lifting power of hydrogen equals 60 to 70 lbs. per 1,000 cubic 
feet, that of coal gas being alx)ut 32 lbs. 



ComparatiYe Cost per Horse power per Hour. (Herr C. Eorte.) 



Size of Motor (horse-power). 




\ 


i 


1 


2 


8 


4 


6 
d. 


Class of Motor. 


Hours 
daily. 


d. 


d. 


d. 


d. 


d. 


d. 


Oas motor (gas at Ss. 4d. 

per 1,000 cubic feet) 
Hydraulic motor (water at 

6ki. per 1,000 gallons) 

90 lbs 

Electric motor (Berlin 

tariflT) . 
Compressed air motor 

(Paris tAriflf) . . . 1 
Steam motor, with coal at . 

12s. 6d. per ton 
Steam motor, with coal at . 

20s. per ton . . 
Hot air motor, with coal at 

128. 6d. per ton 


5 
10 

5 
10 

5 
10 

5 
10 

5 
10 

5 
10 

5 
10 


7-92 
6-76 

12-12 
10-56 

8-88 

7-56 

15-00 

18-08 

11-28 
6-48 


5-76 
4-08 

10*80 
9-84 

7-22 

6-48 

11-64 

10-44 

6-72 
4-08 


S-72 
2-64 

9-72 
912 

5-88 
5-40 
8-40 
7-68 
4-20 
2-88 
4-92 
3-48 
4-44 
2-76 


2-88 
2-88 

9-00 
8-64 

5-04 
4-80 
6-96 
6-48 
2-88 
2-04 
8-48 
2-52 
8-86 
2-16 


2-52 
2-04 

4-68 
4-44 
600 
5-84 
2-40 
1-68 
8-00 
2-16 


2-40 
1-92 

5-40 
5-16 
2-04 
1-44 
2-82 
1-92 


2-28 
1-80 

4-32 
4-08 
1-80 
1-32 
2-28 
1-68 



WET METERS, 
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iiUtraot from Hartley's "Analysis of Gas." 

A wet meter becomes slow to a certain limited degree in registration whci 
worked above, And fast to a lesser degree when worked below its proper 
speed, as will be seen from the following results of carefnl experiments : 
Meter working at 2.V times its proper speed . 102 per cent. slow. 

its proper speed . . . correct, 
i o£ its proper speed . . '28 per cent. fasX 

... lo >» »> >» • . . uo „ „ 

It is therefore manifest that the surest way to attain accuracy will be to 
always wo. w lie test meter at its proper speed, and only use it with meters 
as large, or larger than itself. The closer the relation is in capacity between 
the test iiiei er and the one under test, the more accurate will be the results ; 
as a rule, the former meter should not be less (or, at all events, much less) 
than one-tenth of the capacity of the latter. 

In testing large meters at one-fifteenth or one-twentieth of their speed, 
I have found it necessary to increase tiie allowance at times to as much as 
1 and 1^ iper cent. No definite rule can be laid down, however, because 
the extent of disturbance of the water level in the measuring wheel depends 
partly upon the relative areas of the wheel and meter case, and these vary 
with almost every meter. 

It may, however, be safely assumed that if a station meter, to which 
kind the application of a test meter should be generally restricted, 
registers 2^ per cent, fast at one-tenth of its speed, it will be correct 
within the meaning of the act at full speed. The best plan would of course 
be to keep them within closer limits. 

Use a constant water level gauge in station meters, and keep a con- 
tinuous stream of water running in. 

A groaning station meter may be quieted by pumping in below the water 
line a hot water solution of soft soap and oil. 

Wet Meters. 





Capacity of 


Capacity per 


Diameter of 


Dimensions over all. 


Lights. 


Drum. 


Hour. 


Back 




Cubic Feet. 


Cubic Feet. 


xuicv. 


Height. Width. to 
Front. 








Inches. 


Inches. Inches. Inches. 


2 


•083 


12 


1 


15i X 10 X 71 


8 


•125 


18 


* 


17 X 12^ X 8f 


5 


•25 


30 


f 


18f X 15J X 9i 


10 


•6 


60 


1 


21i X 19i X IH 


15 


•75 


90 


1 


24 X 21| X 14J 


20 


1 


120 


u 


26i X 23| X 15f 


80 


1-5 


180 


H 


28f X 26^ X 17| 


50 


2-6 


300 


n 


28| X 26J X 22i 


60 


3 


360 


H 


28f X 26i X 25 


80 


4 


480 


2 


33f X 30f X 28| 


100 


5 


600 


^ 


38i X 36J X 29i 


150 


7-5 


900 


3 


40 X 39 X 31f 


200 


10 


1,200 


8 


43| X 42i X 32i 


250 


12-5 


1,500 


> 


46 X46ix32f 


800 


15 


1,800 


s 


46 X 45^X451 


400 


20 


2,400 


o 


49| X 48f X 48i 


500 


25 


3,000 


o 


51^ X 50i X 62^ 


600 


30 


3,600 




51i X 50^ X 65^ 



r 
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Dry Keters. 



Lights. 



2 
8 
5 

10 
16 

ao 

80 

40 

60 

60 

80 

100 

190 

160 

doo 

860 
800 
400 
600 

eoo 

800 
1000 



Diameter of 
Inlet. 



v. 



Capacity per 
Bevolution. 



•083 
•125 
•16 
•3 

•416 
•5 
•83 
1-25 
1-428 
1-6 
2-5 
2-857 
3-3 
50 
6-6 
73 
8^3 
12-5 
14-285 
22-222 
26-0 
33-333 



Capacity 
per Hour. 



Cubic Feet. 

12 

18 

30 

60 

90 

120 

180 

240 

300 

360 

480 

600 

720 

900 

1,200 

1,500 

1,800 

2,400 

3,000 

3,600 

4,800 

6,000 



DimensionB over alL 



Back 
Height Width. to 

Front. 



Inches 
14i 
15^ 
17 
19i 

2H 

24 

25| 

29f 

32i 

33^ 

38i 

40| 

46^ 

48^ 

56f 

56 

62 

70 

73f 

77 

88 

90 



. Inches. 
X lOi X 

lliX 

13 X 

15 

16 

18i 

20^ 

23 

25^ 

27i 



X 
X 
X 
X 
X 
X 
X 
X 
X 



X 
X 
X 
X 
X 
X 
X 
X 



X3U 
X 32iX 
X35iX 
X 38 X 
X 42JX 
X 45 X 

48 

52 

58 

58 

61 

64 



X 
X 
X 
X 
X 
X 



X 
X 
X 
X 
X 
X 



Inches. 

7i 
8 

81 

10^ 

11* 
12i 

14 

17 

21 

21 

22 

23^ 

26 

27 

29 

32^ 

37 

40 

46 

50 

52 

54 



Standard 8ii08 of UnionB for Conneeting Oas Keten. 

(Board of Trade Standards Department, 1902.) 



Size of Meter 


Diameter of 

Outside Thread 

of Boss. 


No. of Threads 


Diameter of Boss 
Opening to Admit 


Depth of 


No. of Lights. 


per inch. 


Short Sliank of 
Lining. 


Thread. 




Inches. 




Inches. 


Inches. 


2&3 


0-98 


18 


0-66 


0-36 


5 


115 


12 


0-82 


0-55 


10 


1-45 




1-05 


0-57 


20 


1-82 




1-40 


0-57 


30 


205 




1-55 


0-57 


50 


2-25 




1-75 


0-57 


60 


2-45 




2-00 


057 


80 & 100 


302 




2-30 


0-57 
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Meters. 

Theoretical capacity of meters to pass gas is 6 feet per hour per 
light, though in practice larger quantities can be passed. 

All meters should be fixed perfectly level. 

The meter which is correct at a low pressure would be found to be 
slow at a high pressure. 

In America the average tests of dry meters in one town was J per 
cent, slow, and in another town \ per cent. slow. 

Dry meters are liable to absorb the illuminants of the gas on the 
leathers which are always oily. Even the water in the photometer 
meter may have a thin stratum of oil on the surface which will some- 
times absorb the illuminants, and it ought, therefore, to be washed 
out occasionally, and filled only with distilled water having about 3 
per cent, of pure, glycerine in it. 

To prevent wet meters from freezing, pack horse manure round 
them, or 

Turn off main cock and light a jet in house to consume the pressure 
in the pipes, unscrew plug and pour in, say, two table>spoonfuls of 
glycerine (for a three-light meter), allow a few minutes for the 
glycerine to come to the surface, and then shut off cock in house and 
turn main cock on again. 

10 per cent, glycerine freezes at 30® F., 20 per cent, at 27 J* J*., 
30 per cent, at 21® F., 40 per cent, at 0° F. (Veitch Wilson.) 

Glycerine is said to have the effect of reducing the illuminating 
power of the gas when used with water in a gas meter. 

Mixture used in B.A. Hydranlie Jaoks te Preyent Freeiing« 

Methylated spirits 7 gallons. /^\ ^^ ^^*^* 

Distilled water . 3J „ A.- A 7-8!»4 = "SiM 

Mineral oil . . | „ f \ 

Carbonate of soda 260 grains. L ). 16*708 « '447 

A governor cone should be L^ J a8*5«? = -648 

heavy enough to prevent / 

oscillation, and a parabolic f i ^,......81 -416 « -0826 

curve of a length equals twice / _ 

the diameter (see drawing). *- \ ^....wiy - ?« 

To force gas down, say a / \ 47'e24 « 779 

mine, a jet of water may be / ^^ •••••• 

sprayed into the top of pipe, / ^ 54 -WS* '887 

and will cause an injector f """" 

action according to the quan- I \ ,.. 62-882 « '895 

tity of water in use. r 

Area of governor bell some- ( , \ ... 70-686 = ••485 

times taken at 20 times area / "" " 

of base of cone. ' J ...TS-M = 1*0 



0.& 



/ 
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TESTIVG. 
Xlementary Bodies. 





Symbols. 


Combining 
Weighttt. 


Specific 
Gravity. 


Melting Points. 

a 


Alamininm 


Al 


27-0 


2-67 




Antimony . . 


Sb 


1200 


6-71 


426' 


Arsenic 


As 


74-9 


C 5-67 
) 6-9 
4-0 




Barium . . 


Ba 


186-8 




Beryllium . 


Be 


9-2 






Bismuth . . 


Bi 


208-0 


9-8 


270° 


Boron 


B 


11-0 


2-69 




Bromine . . 


Br 


79-76 


2-966 




Cadmium . 


Cd 


111-9 


8-66 


316° 


Caesium . . 


Cs 


1830 






Calcium . 


Ca 


89-9 


1-68 




Carbon . . . 


C 


11-97 






Cerium 


Ce 


189-9 






Chlorine . . 


CI 


85-37 






Chromium 


Cr 


621 


7-3 




Cobalt . . . 


Co 


68-6 


( 7-81 
] 8-6 
8-93 




Copper 


Cu 


63-1 


1090° 


Didymium . . 


D 


142-0 






Erbium 


E 


1660 






Fluorine . . 


F 


19-1 






Gallium . 


G 


69-8 




+ 80P 


Gold . . . 


Au 


196-2 


19-3 




Hydrogen . 


H 


1-0 


-06926 




Indium. . . 


In 


118-4 


7-42 




Iodine 


I 


126-53 


4-95 




Iridium . . 


Ir 


192-7 


22-88 




Iron . 


Fe 


65-9 


7-8 


1050° to 1600° 


Lanthanum . . 


La 


188-0 






Lead. 


Pb 


206-4 


11-86 


884° 


Lithium . . 


Li 


7-01 


0-594 




Magnesium 


Mg 


24-3 


1-74 




Manganese 


Mn 


65-0 


8-01 




Mercury . . 


Hg 


199-8 


13-69593 


at 0° 0. - 40P 


Molybdenum . 


Mo 


95-8 






Nickel 


Ni 


58-6 


8-8 




Niobium . . 


Nb 


940 






Nitrogen . 


N 


14-01 


•97137 




Osmium . . 


Os 


198-6 


22-5 


21-4° 


Oxygen . 





15-96 


110563 




Palladium . . 


Pd 


106-2 


11-4 




PhosphoruR 


P 


30-96 


1-77 





AIR, GAS, AND WATER. 

Xlementary Bodies — contimced. 
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Symbols. 


Combining 
Weights. 


Specific 
Gravity. 


Melting Points. 

c. 


Platinum . . 


Pt 


194-5 


21-5 




Potassium . 




E 


39-04 


0-865 


62-5° 


Rhodium 


• • 


Rh 


104-1 


12-1 




Rubidium . 




Rb 


85-2 


1-52 




Ruthenium 


• • 


Ru 


103-5 


12-29 




Scandium . 




Sc 


44-0 






Selenium 




Se 


78-0 


4-3 




Silver 




Ag 


107-66 


10-5 


1000° 


Silicon . 




Si 


28-0 






Sodium 




Na 


22-99 


0-974 


95-60* 


Strontium 




Sr 


87-2 


2-54 




Sulphur . 




S 


31-98 


2-00 




Tantalum 




Ta 


182-0 






Tellurium . 




Te 


125-0 


6-25 




Terbium 




Tb 


148-5 






Thallium . 




Tl 


203-6 


11-85 




Thorium 




Th 


231-5 






Tin . 




Sn 


117-8 


7-29 


235^ 


Titanium 




Ti 


48-0 






Tungsten . 




W 


184-0 






Uranium 




U 


240-0 


18-4 




Vanadium 




V 


51-2 






Ytterbium . 




Yb 


173-2 






Yttrium . 




Y 


89-0 






Zinc 




Zn 


65-1 


6-8 to 7-2 


433° 


Zirconium . 


Zr 


90-0 


(In the case 
»• t» >» 


of gases, air =1. 

„ solids, water a L) 



Air, Gas and Water, 

Pressure of atmosphere = 14-7 lbs. per square inch = 2116-8 lbs. 
per square foot. 

Pressure of atmosphere equals 29*9 inches of mercury at sea level. 
„ ,) „ 33-9 feet of water at sea level. 

29 cubic feet of coal gas equals 1 lb. approximatelj. 

1 cubic foot of air at 62° F. equals -076 lbs. 

Gas or air expands j^nd of its bulk at 32° F. for each degree F. 

Water is at its maximum density at 39-2° Fl (4°'0.) and expands 
^th part of its bulk on freezing. 

Centre of pressure f rds depth from surface. 

1 litre of fresh water =1 kilogramme := -001 cubic metre = '22 
gallons =2-2 lbs. = '0353 cubic feet = 61 cubic inches. 

1 ton of fresh water equals 1,016 kilogrammes, 1*0165 cubic metres, 
1,016 Utres. 

1 ton of fresh water =35-9 cubic feet =fc 224 gallons. 

1 cubic metre of fresh water =1,000 litres =1,000 kilogrammes. 
85'316 cubic feet =220 gallons =s: 2,200 lbs. 

1 cubic foot of fresh water = 62*425 lbs. = -557 cwts, = '028 tons. 

t2 



r 
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1 cubic foot of fiesh water equals 6*24 gallons, or salt water 64 Ib^ 

1 cabic indi of fresh water = -03612 lbs. = -003612 gaUons. 

1 gallon of fiesh water= 10 lbs. = '16 cabic feet^ 

1 cwt. of fresh waters 1*8 cabic feet=: 11-2 gallons. 

Head of water in feet equals piessuie in lbs. per square inch X 2*30Tv 

Pressure in lbs. per square inch equals height in feet x '4335. 



PraMnre of a Column of Water per Square Inch and 






per Square 


Foot in Lbs. 




Head. 


Prennreper 


Pressure per 


Head. 


Pressnre per 


Flessnrepnr 


Square Inch. 


Square Foot. 


Square Inch. 


Square Foot 


Tnfjifm 


Lbs. 


Lte. 


Feet 


Lbs. 


Lbs. 


db 




•260 


25 


10-82 


1562-4 






•520 


30 


12-99 


1874-9 


& 




1^041 


35 


1516 


2187-4 


Mm9 




1-562 


40 


17-32 


2499-8 


mm9 




2-083 


46 


19-49 


2812-3 


& 




2-604 


50 


21-65 


3124-8 


M^0 




3-124 


55 


23-82 


3437-3 


MmP 

£ 




3-646 


60 


25-99 


3749-8 


M^^ 

^ 




4-166 


65 


2815 


4062-2 


AV 

& 




4-687 


70 


30-40 


4374-7 


1 


•0362 


5-208 


75 


32-48 


4687-2 


2 


•0723 


10-416 


80 


34-65 


4999-7 


3 


•1085 


15-624 


85 


36-82 


5312^2 


4 


•1446 


20-833 


90 


38-98 


5624-6 


5 


•1808 


26040 


95 


4115 


5937-1 


6 


•217 


31-248 


100 


43-31 


6249-6 


7 


•253 


36-457 


110 


47-64 


6874-6 


8 


•289 


41-666 


120 


51-98 


7499-5 


9 


•325 


46-872 


130 


56-31 


8124-5 


10 


•362 


52-08 


140 


60-64 


8749-4 


11 


•398 


67-29 


150 


64-97 


9374-4 


12 


•434 


625 


200 


86*63 


13124 


Feet 






250 


108-29 


16249 


2 


•86 


125^0 


300 


129-96 


19374 


3 


1^30 


187-5 


350 


151-61 


22499 


4 


173 


2500 


400 


173-27 


26248 


6 


216 


312-5 


450 


194-92 


29373 


6 


2-59 


375-0 


500 


216*58 


32498 


7 


303 


437-5 


600 


259-90 


38748 


8 


3-46 


500-0 


700 


302-22 


45622 


9 


3-89 


562-5 


800 


346-54 


52496 


10 


433 


624-9 


900 


389*86 


58746 


15 


6^49 


937-4 


1000 


43318 


64996 


20 


8-66 


1249-9 









To Bend Glass Tubes. (Spon.) 
If a sudden bend is wanted, heat only a small portion of the tub% 
to a dull red heat, and bend it with the hand held at the opposite ends. 
If the bend is to be gradual, heat an inch or two of it in len^ 



.BATTniATBD HTDROOABBONS. 
3 bending 
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pnTion* to bending it. If ft gradual bead on the one side and a 
sharp one on the ot£er, as in retorts, a little man^ement of the tube 
in the flame, moTing it to the right and left alternately at the same 
time as it is tamed Knad, will easily form it of that shap& In 
bending glasa, the part which is to be concave is to be the piut most 
heated. An oniinary gas fiame is quite sufficient, to bend glass by, 
bat that of a spirit lamp is better. 

Bariei I. — Paraffin BerlM, Xanh Gas. fiaturatsd Hydrooarbona. 

(E. L. Price.) 

Generic Formulte CnHan + 2. 



L N»m« of I Fonnoli. ! BolU^ Point |8podflo Gravltrl'" 



1 luumlmi- 


VQlBmsof 


'rhzn^^i:."- 










PMt. 





feriei n.— 


OlBflas Beries, Saturated Hydrooar 
Generic FormuU UnH,n. 


bOM. (E 


L. Price.) 


Nwiiaof 
iydrocMbon. 


Formula. 


Boiling Point 


3p«iflo Gravity 
WaUr=l. 


ting Power 

Candles. 
^.*^C»bio 


Volume of 
Gaaftoml 

30 Inches 
BaiomeUr. 


Ethylene . 
Propylene . 
Butylene . 
Pentylene . 
Hexylene . 
Heptjlene. 
Octylene . 


CaHj 


gas 
gas 

lBi°— 168° 
205" 
-357° 


gas 

gas 

gas 
■e.5.')"° '■ 
■699»" F. 
.739O0.6 F, 


68-6< 
123'0' 


33 

30 
27 
23 



The effect of washing gas with mineral oil of '840 specific grsTity 
is to reduce the illnminatfng power of the gas by about 60 pet cent. 

Tbestabilitf of nearly all hydrocarbons is destroyed when aubjected 
to temperatures above 2,000° F. (B. H. Thwaile.} 
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Bromide of potassium or concentrated snlphoric acid will absorb 
unsaturated hydrocarbons, but does not affect in diffused daylight the 
gaseous members of the saturated hydrocarbons. 

A piece of rag moistened with a mixture of terebene, linseed oil, 
and turpentine, and rolled into a ball, rose in temperature from 20° C. 
to 87° C. in the first hour, and began to fume ; and in the next hour 
increased to 310° C, fuming strongly ; half-an-hour later the rag burnt 
at a temperature of 360° C. (T. Wilton.) 

Corks freshly cut have been found to contain an appreciable 
quantity of ammonia, and may cause errors in gasworks analysis. 



Slaatic Force or Tension of Aqueous Vapo 


ur in Inches of Mercury. 


Temp. 


Temp. F< 


3rce. 


Force. 


Temp. 


Temp. 


Force. 


Force. 


Fahr. 


Cent. In 


ches. 


M.m. 


Fahr. 


Cent. 


Inches 


M.ni. 


32°0 


0° 


1-81 


4-6 


67 


19-4 


•662 


16-8. 


33 


0-55 


188 


4-8 


68 


20-0 


-685 


17-391 


34 


1-1 


196 


5-0 


69 


20-5 


•709 


17-9 


35 


1-65 


204 


5-2 


70 


21-] 


•733 


18-6 


36 


2-2 


212 


5-4 


71 


21-65 


•768 


19-26 


37 


2-75 


220 


5-6 


72 


22-2 


•784 


19-9 


38 


3-3 


229 


5-8 


73 


22-75 


•811 


20-65 


89 


3-85 


238 


6-05 


74 


23-3 


•839 


21-3 


40 


4-4 


•248 


6-3 


75 


23-85 


•868 


21-95 


41 


5° 


267 


6-634 


76 


24-4 


•897 


22^7 


42 


5-5 


•267 


6-75 


77 


25-0 


•927 


235 


43 


6-1 


•278 


7-0 


78 


26-6 


•968 


24-3 


44 


6-6 


•288 


7-3 


79 


26-05 


•990 


25-05 


45 


7-15 


•299 


7-55 


80 


26-6 


1-023 


26-9 


46 


7-7 


•311 


7-9 


81 


27-16 


1-057 


26-75 


47 


8-25 


•323 


8-15 


82 


27-7 


1-092 


27-6 


48 


8-8 


•335 


8-5 


83 


28-25 


1-128 


28-46 


49 


9-45 


•348 


8-86 


84 


28-8 


1166 


29-4 


50 


10° 


361 


9-166 


85 


29-45 


1-203 


30-65 


61 


10-55 


374 


9-5 


86 


30-0 


1-242 


81-548 


52 


11-11 


•388 


9-9 


87 


30-66 


1-282 




53 


11-65 


'403 


10-25 


88 


31-1 


1-324 




54 


12-2 


•418 


10-6 


89 


31-65 


1-366 




55 


12-75 


•433 


10-95 


90 


32-2 


1-410 




56 


13-3 


•449 


11-4 


91 


32-75 


1-465 




57 


13-85 


466 


11-8 


92 


33-3 


1-501 




58 


14-45 


•482 


12-25 


93 


33-86 


1^648 




59 


15° 


500 


12-7 


91 


84-4 


1-597 




60 


15-55 


•518 


13-15 


95 


36-0 


1-647 




61 


16-06 


537 


13-55 


96 


36-5 


1-698 




62 


16-06 


656 


14-1 


97 


36-05 


1-761 




63 


17-15 


676 


14-55 


98 


36-6 


1-805 




64 


17-7 


596 


16-1 


99 


37-15 


1-861 




65 


18-3 


617 


16-7 


100 


37-7 


1-918 




66 


18-9 


639 


16-2 
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Volvnid of 1 lb. Ait at Atmotplierio Preimre equali 14*7 lbs. per 

Square Inob. 



Temp«n- 
ture. 


Volame 


Tempera- 
ture. 


Volume. 


Tempera- 
ture. 


Volume. 


Degrees 
Fabr. 


Cubic Feet 


Degrees 
Fahr. 


Cubic Feet. 


Degrees 
Fahr. 


Cubic Feet. 





11-583 


280 


17-362 


625 


24-775 


32 


12-387 


240 


17-612 


550 


25-403 


40 


12-586 


250 


17-865 


576 


26-081 


50 


12-840 


260 


18-116 


600 


26-659 


62 


18141 


270 


18-867 


650 


27-916 


70 


13-342 


280 


18-621 


700 


29-172 


80 


13-693 


290 


18-870 


750 


30-428 


90 


13-845 


300 


19-121 


800 


81-686 


100 


14-096 


320 


19-624 


850 


32-941 


120 


14-592 


340 


20-126 


900 


34-197 


140 


15-100 


860 


20-630 


960 


35-453 


160 


15-603 


380 


21*131 


1,000 


36-710 . 


180 


16-106 


400 


21-634 


1,250 


42-990 


200 


16-606 


425 


22-262 


1,600 


49-274 


210 


16-860 


450 


22-890 


2,000 


61-836 


212 


16-910 


475 


23-518 


2,500 


74-400 


220 


17-111 


600 


24-146 


3,000 


86-962 



To rind tbe Weigbt of Aqneous Vapour in Air. 

■ (1) Weigh calciam chloride in a small basin ; cover the basin with 
a bell jar. Suppose the bell jar contains 1 cubic foot of air, weigh the 
basin after some time. The increase in weight will be the amount of 
aqueous vapour in 1 cubic foot of air. 

(2) Place calcium chloride, or pumice-stone dipped in strong 
sulphuric acid, in tubes (both substances absorb aqueous vapour). 
Weigh the tubes ; then pass 20 gallons of air through them. The 
increase in weight equals the amount of aqueous vapour in 20 gallons. 
This forms a chemical hygrometer. 

The maximum pressure of a vapour depends upon temperature and 
the kind of liquid used. 

At different temperatures the maximum pressure of water vapour 
has been carefully determined. 



Temperature C. 


Pressure in Milli. 
metres. 


Temperature 0. 


Pressure in Milli- 
metres. 


—32° 

—20 

—10 



4 

10 

12 


0-320 
0-927 
2-093 
4-600 
6-097 
9-165 
10-457 


16° 
18 
20 
60 
70 
90 
100 


12-699 

15-857 

17-391 

91-981 

238-093 

525-450 

760-000 



r 
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Weight of 1 cubic foot dry air at 60° F. and 30 inches preas of 
nercury is about 537 grains. 



CompoiitioA of tbe Atmospliere. 

By volume oxygen = 20*8, by weight = 23 
„ nitrogen = 79*2, „ ;=77 

It also contains a little ammoniacal gas, and from 8 to 6 parts in 
10,000 of its volume of 00^. 

Carbon dioxide in atmosphere equals about 4 volumes per 10,000 of 
air. 

1 cubic foot water at ordinary temperature and pressure dissolves 
1 cubic foot COg. 

The higher the temperature, the greater the amount of aqueous 
vapour hdid in suspension in the gas. 

The corrected volume of dry gases for both temperature and 
pressure equals 

observed volume X observed pressure X 17'88 
observed temperature + 460 

because the product of the volume and pressure of a gas is pro- 
portional to tne absolute temperature. 
The density of liquid air is 910. (Dewar.) 

100 cubic inches oxygen weigh 34*29 grains. 
100 „ „ hydrogen „ 2*14 „ 

yifiitwiim Quantity of Oxygen that will Support Oombuftioa. 

(Professor Clowes.) 

Paraffin flame 16*6 per cent. ozygeD. 

Candle „ 15*7 „ „ 

Methane „ 15*6 „ ^ 

CO „ 13*36 „ „ 

Coal gas „ 11-36 „ „ 

Hydrogen,, 6*6 „ „ 

The quantity of moisture in coal gas saturated 20^ G. and 760 
millimetres equals 2 per cent, which has the efiect of reducing the 
illuminating power 3*3 per cent. 

1 grain hydrogen occupies 46*73 cubic inches. 

To Find the Speed of Sound in Air. 

Let A = distance between the observer and the cannon in feet. 
B =s seconds that elapse between seeing the flash and hearing 

the report. 
s feet per second. 

"4 



BXPL06IYB MIXTURBS. 
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Foree of Izploeive Mixtures of Air and Glasgow Coal Gas. 

(Dogald Clerk.) 



Mixture. 


Maximum Pressiire 
of ExploBives 

in lbs. per 
Square Inch. 


Time of Explosion. 


Gas. 


Air. 


1 volume 

*■ »» 
'■ » 
••■ »» 


13 volumes 

11 „ 
9 „ 
7 „ 
6 „ 


52 
63 
69 
89 
96 


0*28 seconds. 
0-18 „ 
0-13 „ 
0-07 „ 
0-05 „ 



Heat of explosion of gun cotton = 2650° C. = 4802° F. 
Explosive mixtures are more readily kindled upwards by a flame 
placed below them, than downward by one placed above them. 



Limiting Bzplosiye Kixtoras of Gases and Air. 
(Professor Clowes.) 





Upward 
Kindling. 


Downward Kindling. r 


Methane 
Coal gas 
Water gas 
Hydrogen 
CO 
Ethylene 


Per cent. Gas. 
5 to 13 
5 to 28 
9 to 55 
5 to 72 
13 to 75 
4 to 22 


Per cent. Gas. 
6 
9 


Per cent. Gas. 
11 
22 



Coal gas, horizontal tube, 10*3 per cent, to 23 per cent. (L. T. Wright.) 

10*3 per cent, of coal gas (18*75 candles and *45 specific gravity 
(air equids 1)) and 89*7 per cent, air is the lowest limit of an explosive 
mixture. 

23 per cent, coal gas as above and 77 per cent, air is the highest 
limit. (L.T.Wright.) 

The limiting percentages of explosive gaseons mixtures are : — ^For 
methane, 5 and 13 ; for hydrogen, 5 and 72 ; for carbon monoxide, 
13 and 75 ; for ethylene, 4 and 22 ; for water gas, 9 and 55 ; for coal 
gas, 5 and 28. It was also proved that many mixtures which were 
outside, but close to, the above limits, and which could not be fired 
from above could be fired from below. 

An exceedingly small quantity of coal dust in air is sufficient to 
cause an explosion. 
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Sxpaiuion by Heat and Melting Fointi (F.). 



- 


Expansion. 


Melting point in 










1* 


180" 


degrees P. 




1 Part in 


1 Part in 




Fire brick .... 


365,220 


2,029 




Granite . . from 


187,560 


1,042 




„ ... to 


228,060 


1,267 




Glass rod . . . . 


221,400 


1,230 




,f tube .... 


214,200 


1,190 




„ crown . . . . 


211,500 


1,175 




,, plate 


209.700 


1,165 




Platina . . . . 


208,800 


1,160 


4,593 


Marble, granular white dry 


173,000 


961 




„ „ „ moist 


128,000 


711 




ff „ black com- 








pact .... 


405,000 


2,250 




Antimony . . . . 


166,500 


925 


883 


Cast iron .... 


162,000 


900 


1,920 to 2,800 


Slate 


173,000 


961 




Steel 


151,200 ' 


840 


2,370 to 2,550 


„ blist^^red . . . 


159,840 


888 




„ untempered 


167,400 


930 




,, tempered yellow . . 


131,400 


730 




„ hardened . 


146,800 


816 




„ annealed . . . 


147,600 


820 




Iron, rolled 


149,940 


833 


3,000 to 3,600 


„ soft forged . . . 


147,420 


819 




), wire .... 


146,340 


813 




Bismuth . . . . 


129,600 


720 


600 


Gold, annealed . 


123,120 


684 


2,058 


Copper . . average 


104,400 


580 


1,975 


Sandstone .... 


103,320 


574 




Brass . . average 


97,740 


543 


1,853 


„ wire. ... 


94,140 


523 




Silver 


95,040 


528 


1,866 


Tin . . . average 


87,840 


488 


443 


Lead . . . average 


62,180 


351 


612 


Pewter .... 


78,840 


438 




Zinc (most of all metals) . 


61,920 


344 


680 to 772 


White pine . . . . 


440,530 


2,447 





LBS. WATER HEATED AND CO2 PRODUCED. 
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Lbi. Water Heated and CO2 Produced from Varioas Oases. 

(Letheby.) 





Per lb. 


Lbs. of Water Heated, 

rF. 




Re- 
quired. 


Air 
Viti- 
ated. 


CO. 
Pro- 
duced. 


Per lb. 


Per 

Cubic 
Foot. 


Per lb. 
used. 


H 

Marsh gas . . . 

Olefiant gas . 

Propylene . . . 

Butylene 

Acetylene . . . 

Benzole 

COa 

CSa ... . 

lia^ • • • • * 

Cyanogen . 

Coal gas (common) . . 

„ „ (cannel) 
Wood spirit . . . 


Cubic 
Feet 
93-4 
47-2 
40-5 
40-5 
40-5 
36-3 
36-3 
6-7 
14-9 
16-7 
14-5 
37-5 
310 
25-3 


Cubic 

Feet 

467 

826 

878 

878 

878 

909 

909 

371 

689 

630 

435 

618 

698 

422 


Cubic 

Feet 

23-6 
270 
27-0 
27-0 
29-1 
291 
13-5 
5-0 

14-5 
17-6 
22 
11-8 


Lbs. 

62,030 

23,513 

21,344 

21,327 

21,327 

18,197 

18,197 

4,325 

6,120 

7,444 

6,712 

21,060 

20,140 

9,547 


Lbs. 

329 

996 

1,585 

2,376 

3,168 

1,251 

3,860 

320 

1,239 

671 

925 

650 

760 

819 


Lbs. 

7,754 
6,878 
6,225 
6,220 
6,220 
5,914 
5,915 
7,569 
4,845 
5,271 
5,142 
6,816 
6,503 
6,363 



Lbs. Water Heated and COa Froduoed from Various Substances. 

(Letheby.) 





Per lb. 


Lbs. of Water Heated, 

rF. 



Re- 


Air 
Viti- 


CO. 
Pro- 


Per lb. 


Per 
Cubic 


Per lb. 
used. 




quired. 


ated. 


duced. 




Foot 




Cubic 
Feet 


Cubic 
Feet. 


Cubic 
Feet 


Lbs. 


Lbs. 


Lbs. 


Alcohol 


24-6 


538 


16-4 


12,929 


1,697 


6,195 


Camphine . . . 


38-9 


880 


27-8 


19,573 


7,134 


5,942 


Carbon 


310 


943 


31-5 


14,544 




5,447 


Ether .... 


30-9 


664 


20-4 


16,249 


3,217 


6,158 


Paraffin 


40-5 


878 


27-0 


21,327 




6,220 


„ oil . 


40-5 


878 


27-0 


21,327 


— 


6,220 


Rape oil . . . 


38-7 


801 


24-3 


17,752 




6,123 


Sperm oil . . . 


38-7 


801 


24-3 


17,230 


— 


6,088 


Spermacetti . 


37-0 


815 


25-2 


17,589 


— 


6,088 


Stearic acid . . . 


34-6 


783 


24-0 


17,050 




6,061 


Stearine 


34-4 


527 


14-2 


18,001 


— 


6,143 


Wax .... 


37-7 


829 


25-6 


15,809 


•^ 


4,995 
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Temperature of Combiution. 


(Letheby and Others.^ 




Open Flames. 


Closed Vessel 


InO. 


In Air. 


In 0. In Ail. 




Degrees. 


Degrees. 


Degrees 


Degrees. 


XI . • . . 


14,510 


5,744 


19,036 


7,852 


Marsh gas . . 


14,130 


4,762 


18,851 


6,680 


Olefiant gas 


16,535 


5,217 


21,344 


7,200 


Propylene . . 


16,522 


5,239 


21,327 


7,177 


Butylene 


16,522 


5,232 


21,327 


7,177 


Acetylene . . 


17,146 


6,142 


22,006 


7,009 


Benzole 


17,146 


5,142 


22,006 


7,009 


COa .... 


12,719 


5,358 


16,173 


7,226 


CSa . . . . 


15,280 


4,314 


20,031 


5,917 


H^S . . . . 


13,688 


4,388 


17,542 


6,026 


Cyanogen . 


13,488 


5,028 


17,645 


6,167 


Coal gas (luminous) . 


14,320 


6,228 


18,101 


7,001 


Cannel gas . 


14,826 


5,121 


19,046 


7,186 


Wood spirit . . 


11,435 


4,641 


14,902 


6,347 


Alcohol 


13,305 


4,831 


17,223 


6,629 


Ether .... 


14,874 


5,150 


19,225 


6,953 


Camphine 


16,271 


5,026 


20,953 


6,922 



ExpanBion of Liquids, from 32° to 212° F. Volnme at 32° = 1. 



Liquid. 


Volume at 
212" 


Expan- 
sion. 


Liquid. 


Volume at 
212- 


Expan- 
sion. 


Alcohol . 
Nitric acid . 
Olive oil 
Turpentine . 
Air . . . 


1-1100 
1-1100 
1-0800 
1-0700 
1-374 


i 
i 


Sea water 
Water . . 
Mercury 
Spirits of wine 


1-0500 
10466 
1-018 
1-110 


is 

il 

i 



To find the weight of water that can be evaporated from and at 
212° F. in lbs. per lb. of fuel— 

•15 {% of + (4-28 X % H)} or, 

-Total heat of combustion 
966 



CoelBoient of the Expansion of Oases. (Charles's Law.) 

All gases expand g^rd part of their volume for every degree Centi* 
grade increase in temperature above 0° ; or, in decimals, 0*00366(^ 



FRBBZINQ POINTS. 
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XzpaniioB and Weight of Water firom 92P to MP F. 



u 


Relative 
Volume by 


Weight 
of 1 Cubic 


Weight of 
1 Gallon. 


ipera- 
ore. 


Relative 
Volume by 


Weight 
of 1 Cubic 


Weight of 
1 Gal on. 


o-*-» 


Expansion. 


Foot 




Expansion. 


Foot 


Deg. F. 




Lbs. 


Lbs. 


Deg.F. 




Lbs. 


Lbe- 


32 


1^00000 


62^418 


10-0101 


125 


1-01239 


61-654 


9-887 


36 


•99993 


62422 


10-0103 


130 


1-01390 


61-563 


9-873 


391 


•99989 


62-425 


10-0112 


135 


1-01539 


61-472 


9-859 


40 


•99989 


62-425 


10-0112 


140 


1-01690 


61-381 


9-844 


45 


•99993 


62-422 


10-0103 


145 


1-01839 


61-291 


9-829 


46 


1^00000 


62-418 


10-0101 


150 


101989 


61-201 


9-815 


50 


1-00015 


62-409 


10-0087 


155 


1-02164 


61-096 


9-799 


52*3 


100029 


62-400 


10-0072 


160 


1-02340 


60-991 


9-781 


65 


100038 


62-394 


10-0063 


165 


102589 


60-843 


9-757 


60 


1-00074 


62-372 


10-0053 


170 


102690 


60-783 


9-748 


62 


1-00101 


62-355 


10-0000 


175 


1-02906 


60-665 


9-728 


65 


100119 


62-344 


9-9982 


180 


1-03100 


60-548 


9-711 


70 


1-00160 


62-313 


9-9933 


185 


1-03300 


60-430 


9-691 


75 


1-00239 


62-275 


9-9871 


190 


1-03500 


60-314 


9-672 


80 


1-00299 


62-232 


9-980 


195 


1-03700 


60-198 


9-654 


85 


100379 


62-182 


9-972 


200 


1-03889 


60-081 


9-635 


90 


1-00459 


62-133 


9-964 


205 


10414 


59-93 


9-611 


95 


1-00554 


62-074 


9-955 


210 


1-0434 


59-82 


9-594 


100 


1-00639 


62022 


9-947 


212 


1-0466 


59-64 


9-565 


105 


1-00739 


61-960 


9-937 


250 


106243 


58-75 


9-422 


110 


1-00889 


61-868 


9-922 


300 


109563 


56-97 


9-136 


115 


1-00989 


61-807 


9-913 


400 


1-1 


54-25 


8-700 


120 


1-01139 61-715 


9-897 


500 


1-2 


51-16 


8-204 



Freeiing Points. 



Substances. 
Bromine freezes at 
Oil anise 

„ olive 

,, rose 
Quicksilyer 
Water 



Centigrade. Fahrenheit. 

—20° =—40° 

10° = 50° 

10° = 50° 

15° = 60° 

—39-4° = —39° 

0° = 33° 
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Melting Fointt and Sxpansions of Metals. 



Metals. 


Specific 
Heat. 


Melting Point. 


Coefficient of 
Expansion. 






0. 


P. 


Per Degree F. 


Aluminium, pure 


•234 1 


704 to 
899 


1,300 to . 
1,660 


I -00001235 


Antimony . . . 


1 
•0508 


432 to 
621 


810 to 
1,150 


•00000601 


Asphalt . 


— 


100 


212 




Bismuth . . . 


•031 


264 


507 


•0000078 


Brass .... 


•094 


899 


1,650 


•00001047 


Bronze . . . . 


— 


921 


1,690 




Copper 


•0951 


1,091 


1,996 


•000001 


Gold, standard . . 


•095 


1,180 


2,156 


•00000821 


„ pure. 


— 


1,250 


2,282 




Iron, cast (grey) . . 


•130 


1,124 


2,056 


•00000616 


„ „ (white) . 


•129 1 


1,050 to 
1,100 


1,922 to 
2,012 




„ wrought . . 


•110 


1,600 


2,912 


•00000657 


Lead .... 


•031 


324 


615 


•00001555 


Mercury . . . 


•033 


39-4 


-39 


. -00009984 


Nickel 


•109 


1,543 


2,810 


•00000695 


Platinum . . . 


•038 


1,693 


3,080 


•00000493 


Palladium . 


— 


1,500 


2,732 




Silver . . . . 


•057 


1,001 


1,834 


•00001063 


Steel, hard . ) 
„ mild . 


•117 


/ 1,300 
1,400 


2,732 


•00000695 


2,552 


•00000672 


Tin ... . 


•057 


230 


444 


•0000121 


Zinc .... 


•096 


401 


754 


-00001636 



Melting Points of Solids. 



Substance. 


Melting Points. 


Substance. 


Melting Points. 1 




C. 


F. 




0. 


F. 


Butter 


33-0 


91 


Sodium chloride 


776 


1,429 


Calcium chloride 


726 


1,339 


„ sulphate 


865 


1,589 


CO2 . 


— 


108 


Spermaceti 


49 


120 


Ice . . . 
Iodine 



115 


32 
239 


Stearine . . 


43 to 
49 


109 to 
120 


Nitro-glycerine . 


7 


45 


Sulphur . 


112 


234 


Phosphorus 


44 


111 


Tallow . . . 


33 


92 


Potassium iodate 


560* 


1,040 


Turpentine 


10 


14 


„ iodide 


634 


1,173 


Wax, bees' . . 


65 


150 


Silver nitrate . 


198 


389 


„ paraffin . 


45 


114 



BOILING POINTS. 
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Keltiiig FointB of Alloyi. 



Tin. 


Lead. 


Bismuth. 


SoftenR at. 


Melts at. 








Degrees F. 


D^rees F. 


5 


3 


8 


— 


202 


1 


1 


1 


-^ 


254 


2 


2 


1 


— . 


292 


4 




1 


— 


820 


2 




— 




340 


4 








865 


1 






365 


371 


6 








381 


2 


6 


— 


372 


383 


2 


7 




377-5 


388 


2 


8 


— . 


395-5 


408 


1 


2 






441 


1 


3 




— 


482 


1 


5 


— 
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Boiling Points, Latent Heat of Eraporation, and Heat from 


82° F. of 1 lb. 










Latent 


Volume at 








heat of 


82' P. = 1. 


Total heat 




Boiling Point. 


Bvapo- 


Volume 


firom 82" 






ration 


at 212"* F. 


F. of lib. 






of 1 lb. 


equals. 






0. 


F. 








Alcohol .... 


78 


173 


374 


1-110 


461-7 


Ammonia . ... 


60 


140 








Benzine .... 


80 


176 








Bisnlphide of carbon . . 


47 


116 








Bromine .... 


63 


145 








Ether 


35 


95 








,, nitrons . 


14 


57 








Iodine 


181 


347 








Linseed oil 


314 


597 








Mercury . ... 


342 


648 


— 


1-018 




Nitric acid 




— 


— 


1-110 




OUveoil .... 


315 


600 


— 


1-080 




Paraffin .... 


280 


536 








Petroleum . . . . 


158 


316 








Quicksilver 


350 


662 








Salt 


413 


775 








Sulphur .... 


236 


447 








Sulphuric ether . . . 


38 


100 


175 


— 


210-4 


Sulphurous acid 


10 


14 








Turpentine . ... 


157 


315 


124 


1-070 


256-6 


Water .... 


100 


212 


965-2 


1047 


1146-1 


11 sea . . . • 


101 


213-2 




1-050 




„ saturated brine 


108 


226 








Wood spirit . . , 


66 


150 


475 


— . 


646-9 


Zinc 


1,040 


1,904 


— 


1-0029 
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The specific heat of a body is the ratio of the quantity of heat 
required to raise that body 1° in temperature, compared to the 
quantity of heat required to raise an equal weight of water from 39° 
to 40° F. 





Speeifio 


Heati. 


Acid hydrochloric . 


•600 


Petroleum . . . '434 


Alcohol . . . . 


•669 


Phosphorus . . . •2503 


Benzene . 


. '3932 


Quicklime . . . -2169 


Brickwork . . 


-192 


Soda -2311 


Chalk . 


•2148 


Stonework . . . '197 


Carbon 


-2411 


Sulphur .... '2026 


Charcoal . 


. -2415 


Sulphuric acid, density 1-87 ^3346 


Coal, anthracite . 


. -2017 


„ 1-30 -6614 


„ bituminous 


•2411 


Sulphate of lead . . -0872 


Coke .... 


• ^203* 


„ „ lime . . . -1966 


Ether 


. -521 


Turpentine . . . "416 


Glass .... 


. ^1937 


Vinegar . . . '92 


Graphite . 


. -2019 


Water at 82° F. . . 1-0 


Ice .... 


. -504 


„ „ 212° F. . . . 1-013 


Magnesium limestone 


•2174 


Wood, average . '550 


Marble 


•2129 


„ spirit . . . -6009 


Olive oil . 


•3096 





* lucreases as temperature rises. 

The atomic specific heat of carbon is expressed by the following 
formulae :— From 0° to 260° C, it is C = l-92+0-0077« ; from 250° 
to 1,000° C, it is C = 3-54 + 00246^. (MM. Uch6ne and Biju-Duval.) 



Speeifio Heats of Oaies, fte. 





Equal 


Equal 




Eqnal 


Equal 




Pressure. 


Volume. 




Pressure. 


Volmue. 


Acetone . 


04125 


0-8244 


Hydrogen 


3-4046 


0-2369 


Air . . . 


0-2377 


0-2374 


H3S . . . 


0-2432 


0-2857 


Alcohol . 


0-4534 


0-7171 


Hydrochloric 






„ vapour 


0-4513 


0*3200 


acid . 


0-1846 


0-2333 


Ammonia . . 


0-5083 


0-2966 


Light carburet- 






Benzole . 


0-3764 


1-0114 


ted hydrogen 


0-6929 


0-4683 


Binoxide of ni- 






Marsh gas . . 


0-5929 


0-3277 


trogen . . 


0-2315 


0-2406 


Nitrogen . 


0-2440 


0-2370 


Bromine . 


0-0556 


0-3040 


Nitric acid . . 


0-2317 


0-2406 


Chlorine . . 


0-1210 


0-2962 


„ oxide . 


0-2262 


0-3447 


CO . 


0-2479 


0-2370 


Oxygen . 


0-2182 


0-2406 


COa . 


0-2164 


0-3307 


Steam,saturated 


— 


0-3050 


CSa . 


0-1570 


0-4140 


„ gas . . 


0-4750 


0-2984 


Chloroform. . 


0-1567 


0-6461 


Sulphurous an- 






Ether . 


0-4810 


1-2296 J hydride 
0-4106 1 Turpentine. . 


0-1553 


0-3414 


Ethylene . . 


0-4040 


0-4160 


2-3776 
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Bpeeifle Heat of Water at Different Temperatnrei. 



Tempera- 
ture, F. 


Specific Heat. 


Heat to Raise 
1 lb. Water 
from 82* F. to 
given Tempera- 
ture. 


Tempera- 
ture, P. 


Specific Heat. 


Heat to Raise 
1 lb. Water 
from 82' F. to 
given Tempera- 
ture. 


D^groes. 
S2 


I'OOOO 


Units. 
0000 


Degrees. 
248 


10177 


Units. 
217-449 


50 


10005 


18004 


266 


10204 


235-791 


68 


1-0012 


36-018 


284 


1-0232 


264-187 


86 


10020 


54-047 


302 


1-0262 


272-628 


104 


1-0030 


72-090 


320 


1-0294 


291-132 


122 


10042 


90-157 


338 


1-0328 


309-690 


140 


1-0056 


108-247 


356 


10364 


328-320 


158 


1-0072 


126-378 


374 


1-0401 


347-004. 


176 


1-0089 


144-508 


392 


1-0440 


365-760 


194 


10109 


162-686 


410 


10481 


384-588 


212 


1-0130 


180-900 


428 


1-0524 


403-488 


230 


1-0153 


199-152 


446 


1-0568 


422-478 



Freenng MixtureB. 



Nitrate of ammonia . 

Water . . . . 
Dilute sulphuric add . 

Snow , . . . 
Muriate of lime . 

Snow . , . . 
Phoephate of soda 

Nitrate of ammonia . 
Dilute nitric acid 

Common salt . . . 
Snow or powdered ice 
Common salt 

Nitrate of ammonia . 



1 
1 
2 
3 



9 
6 
4 
1 
2 
5 
5 



Snow or powdered ice 12 

Sulphate of sodium . 3 

Dilute nitric acid . . 2 

Phosphate of sodium . 6 

Dilute nitric acid . 6 
Crystallized calcium 

chloride . . .10 

Snow . . . . 7 



part 



n 
» 
f» 
»» 
»» 

>» 
a 

>» 
>» 
>» 

» 

»» 
»» 






Fall in Temperature. 



From + 50° to + 4° F. 
V + 32 „ - 23 „ 



»» 



11 



+ 20 „ - 48 „ 
+ 60 „ - 21 „ 



From any temperature 
to-5°F. 

From any temperature 
to - 26° F. 

From 10° C. to - 18° C. 



»» 



11 



11 11 "■ 29 „ 



It 11 -50 „ 



Degrees 

Cold pro 

duced. 



46° F. 
56 „ 
68 „ 

71 „ 



Water (H2O) when freezing expands from 1 Tolnme to 1*09. 



G. B. 



338 



GAS BNOINBERS POCKET-BOOK. 



Sxpaniion of liqnidi in Volvme from dSP to 218°. 



1,000 


parts of water 


• 


become 1,046 


» 


11 


oil 


• • 


11 


1,080 


ft 


11 


mercury 


• • 


11 


1,018 


ti 


11 


spirits of 


wine 


11 


1,110 


91 


It 


atmospheric air 


11 


1,376 



Latent Heat is the heat absorbed by any sabstanoe, withont raising 
its temperature, in changing from the solid to the liquid state, or 
from the liquid to the gaseous state. 



Latent Heati of Fnaion. 



Mercury 


. 2-8 


Bismuth . 


. 12-6 


Lead 


. . 5-4 


Silver . 


. 211 


Sulphur 


. 9-4 


Water 


. 80-2 



Water at 39** F 
Bismuth 
Lead . 

Mercury 



Latent Heat Liqnefaetion. 



142-65 

22-75 

9-67 

5-09 



Silver 

Tin 

Zinc. 



37-93 
25-65 
50*63 



Comparatiye Powen of Solids for Conducting Heat. 



Gold . 


. 1,000 


Platinum 


. 981 


Silver 


973 


Copper . 


. 892 


Brass 


749 


Iron, cast 


562 


„ wrought 


. 874 


Zinc . . . 


363 



Aluminium 


305 


Tin 


304 


Lead . 


180 


Marble 


24 


Bismuth . 


18 


Porcelain 


12 


Terra Cotta 


11 



Belatiye Heat Condnetivity of Metals. Silver equals 1,000. 



Silver 


. 1,000 


Gold . 


981 


Copper 


. 845 


Mercury 


677 


Aluminium 


. 665 


Zinc 


641 


Wrought Iron 


436 



Tin . 


422 


Steel . 


397 


Platinum . 


380 


Cast Iron . . 


359 


Lead . 


287 


Antimony . . 


215 


Bismuth . 


61 
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Oomparative Powers of Solids for Absorbing or Badiating and 

Beflecting. 



Silver, polished . 


Beflectiog. 


Absorbing. 


97 per cent. 


3 per cent. 


Gold .... 


95 „ „ 


5 „ 


n 


Copper 


93 „ „ 


7 „ 


>» 


Brass, bright polished 


93 „ „ 


7 „ 


» 


„ dead „ . 


89 „ „ 


11 » 


»> 


Specalum metal . . 


86 „ „ 


H „ 


>» 


Tin ... . 


85 „ „ 


15 „ 


j» 


Steel, polished . . 


83 ,) If 


17 „ 


»> 


Platinum, sheet . 


83 „ „ 


17 „ 


)} 


„ polished 


80 „ „ 


20 „ 


» 


Zinc .... 


81 )) »> 


19 „ 


>» 


Mercury . . . 


77 „ „ 


23 „ 


»» 


Iron, wroaght, polished 


77 „ „ 


23 „ 


» 


„ cast, „ 


75 „ „ 


25 „ 


»» 


Silver leaf on glass 


73 ,, „ 


27 ., 


» 


Ice 


15 it » 


85 „ 


»» 


Glass .... 


10 „ „ 


90 „ 


>» 


Writing paper . . 


2 n j» 


98 „ 


>j 


Water. 


„ „ 


100 „ 


»> 


Marble . . 


2 to 7 „ „ 


98 to 93 „ 


»» 



Quantity of Heat Lost per Square Unit of SurflMe. (Peclet.) 



Excess of 

Temperature 

of Gas 

over Air. 

10° . 


Loss in 
Air. 

. o . • 


Loss in 
Water. 

88 


20° 


• lo . . 


266 


30° . 
40° 
50° . 


. 29 . 

. . 40 . 
53 . 


5,358 

8,944 
13,437 



Effeot of Xixing Water at Different Temperatures. 

1 lb. of water at 0° C. + 1 lb. of water at 16° 0. equals 2 lbs. of 
water at 8° C. 

1 lb. of water at 0° C. + 1 lb. of water at 36° 0. equals 2 lbs. of 
water at 17*5° 0. 

1 lb. of water at 16° 0. + 1 lb. of water at 35° C. equals 2 lbs. of 
water at 25-5° C. 

1 lb. of water cooling from 16° to 8° raised the temperature of 1 lb. 
from 0° to 8°. 

Convection is the transference of heat by particles. 

Conduction is the transmission from particle to particle. 

'z2 
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Britiik Thcnud Vail equals quantity of heat neoessarj to raise 
1 lb. pine water 1*> F. from 39-l*> to 40-lo. 

Gumeeqnala quantity of heat neoeaBBVjrto raise 1 kilogiBiiiiiie 
pore water 1 <* C. at or atxmt 4^ C. 

B.T.n. X -252 = Calories, or Calories x 3-968 = B.T.n. 

Joule's Law — 1 B. T. O. equals 772 foot lbs. work performed. 

Jonlei's law shows that the qiumtity of work required to raise the 
temperatare of 1 lb. of water, weighed in TacniuiL. from 60^ to 61^ F. 
equals 772*55 foot lbs. at sea lerel in the latitude of Greenwich ; 
or the amount of work that is oonyerted into heat by raising 1 Ibu of 
water l"* C. is 1^90 foot lbs. Qths of 772). 

Hetals all possess the same atomic heat =: 6*4. 

To conyert Fahrenheit to Centigrade ^^j ^^= C. 

9 C 
To conrert Centigrade to Fahrenheit -g-' + 32 = F. 



CmuptaAamk of the Yaliw of Coal Oas for KotiYe Power and 
Lighting at Diibrent Candle Powen. (C. Hunt) 



niaminatiiig Power 

oTGm. 

Gftndles. 


Gonsiuiiptioii per 

I.H.F. per Hour. 

Oniric Feet 


Yaliie for HxAtn 
Power. 


Value for 

Lifting. 


11-96 
15-00 
17-20 
22-85 
2600 
29-14 


30-31 
24-41 
22-70 
17-73 
16-26 
15-00 


1-000 
1-241 
1-336 
1-709 
1-864 
2-020 


1-000 
1-264 
1-438 
1-910 
2-173 
2-436 



Calorific Valne of Coal Oas. (T. L. Millar.) 





lUuminatiDg Power. 


Heating Power per 
Gnbic Feet. 


Glasgow . 

Liverpool . 

Kilmarnock 

Manchester . . . 

Birmingham 

London . . 

Hoboken 

Berlin . . 


21 i candles 

21 „ 
25 
16 and 19^ candles 
17^ candles 
16 „ 


813 heat units 
770 „ „ 
680 „ „ 
654 „ „ 
639 „ 
624 „ „ 
617 „ „ 
549 „ „ 



Theoretical value in heat units of 1 cubic foot of gas of 16 candle 
power equals 660 to 670 (1 lb. water heated I'' F.). 
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The nnmber of heat units obtaiuable in practice ifl : — In the beat 
bftth heaters, about 600 ; in the beat boiling bnmera, about 375. 
Effective heating duty of coal gas in amaU vessela equals 300 to 320 

Effective heating duty of coal gas in ordinary flat-bottomed vessels 
with ptojectii^ riTCts eqiiaU 520 units. 

Efeotive heating doty of coal gaa in domestic pans and kettles 
equals 300 nnits. 

EffectiTe healing duty of coal gaa in small pana and kettles equals 
IISO units. (T. Fletcher.) 

16 candle gaa gives 620 heat units per cubic foot. 



(If. H. Humphreys.) 

Carbon, when combined wiih hydrogen (o fotm olefiaut gas (C,?|) 
and acetylene (U,H^, has a locked-up heat energy, as compared with 
the carbon forming marsh gas (Cllf) of 31,300 and 75,130 heat units 
respectively which are developed as light and heat when the gases 
are burned. (W. Young.) 

Heat tTnits gensrated hy Complets Combustion. 





B.T.u. 
gross. 


Ferlb. 


gross. 


l".lu 


Calories 


Hydr<^n (H) 


62536 


60791 


326-2 


272 


31*62 


Carbon (C) to CO, . 


U500 


12906 






7700 


„ CO. . 




2495 






1416 


COM CO, 

Sulphur (8) . . . . 


4478 


4234 


323-5 




2400 


4102 


3916 








Sulphutel (H,8) 


4940 


4420 


450 


403 




Methane 1 OH J . 


23620 


21420 


1021 


919 


3087 


Ethane (< . . 






1764-4 






Propane < 






2521 






Butane (( 






3274 






Ethylene 


21713 


20460 


1603 


1610 




Propylen< 


21220 


19830 


2377 


2242 




Butjlene 


20900 


1970U 


3921 


2696 




Acetylene 






H76-7 






Benzene ( 


17780 


17100 


3718 


3574 




Coal gas < 




lUSOS 


650 






Water gas . . . . 


8200 


T-IOO 


301 


330 








1897 


160 






„ water gas 


— 


983 


- 


— 


— 



a temperature obtaiuable by the combustion of C 
equals about 5,000° t\ 

The maximum temperature obtainable by the combustion of H 
equals about 5,800° F. 
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One ton coal = 8,363,846-640 caloriee. 

10,000 cubic feet gas . . . =1,636,000-000 „ 

An ayerage Lancashire coal is said to have a calorific power of 
18,890, which means that 1 lb. of the coal would raise 13,890 lbs. water 
through 1® F. of temperature. 

Belative caloriiic intensity of coke per lb. = 2,114® C. 
«i II II tar „ = 2,486® C. 

(F. G. Pexter.) 

Latent heat ut steam . . .636 thermal units 

), Water • . • • tu „ ,, 

Maximum heat obtainable by air blast . . 2,500® 

The boiling point of hydrogen is found to be 234'5® below zero. 
Benzene or benzol (CeHc) boils at 81® and freezes at 0® C. 
Naphthalene (CmHs) melts at 80° and boils at 217® C. 
Anthracene (C14H10) melts at 213® and boils at a little above 360® C. 

To prepare Aoetate of Lead Test Papers. 

Moisten sheets of bibulous paper with a solution of 1 part sugar of 
lead in 8 or 9 parts water and hold each sheet, while still damp, over 
the surface of a strong solution of ammonia for a few moments. 

Such papers will become tinged if subjected to gas containing 
O'OOl per cent, by volume of Hj,S for 24 hours, light being excluded 
during that time. 

To make Turmeric Papers. 

Six parts methylated spirit to 1 of turmeric powder by weight, to be 
well shaken from time to time for 3 days. Decant clear liquid and 
soak sheets of botanical or filtering paper in it, dry and keep in the 
dark. The papers should be a full yellow colour. One grain or more 
NH3 per 100 cubic feet will cause the colour to change to brovniish 
tint. 

To make Bed Litmus Paper. 

Dissolve 1 oz. powdered blue litmus in 6 ozs. cold distilled water 
and shake well, allow to dissolve and filter, add gradually dilute 
H,SO« until it is changed to a red tint ; soak sheets of glaz^ paper 
in it and dry. These papers turn blue when exposed to gas contain- 
ing NH3. 

To make Lime Water. 

Dissolve 4 ozs. caustic lime in 1 quart water, shake occasionally, 
decant the clear liquid and keep it free from CO2. 

If gas containing CO, is bubbled through a portion of above, it 
forms CaCOg, the liquid becoming milky, thus : 

CaO + CO, = CaCOj. 
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If still clear, after bubbling for 3 minutes, the gas is probably quite 
free from CO,. 

All H,S must be remoyed from the gas by means of oxide of iron 
before znaking above test. 

To prepare Idtmiu for Indieating Aeids and Alkalies. 

Digest solid litmus in hot water and eyaporate to a certain degree, 
add a small quantity acetic acid. Evaporate again and add methy- 
lated spirit. Filter the precipitate and wash with spirit, dissolve with 
warm water and add a small quantity nitric acid. Keep exposed to 
the air to preserve the colour. Free CO, effects the change in colour 
of the Bolntion. 

To prepare Cochineal for Analysis of Ammonia. 

Take 1 part methylated spirit and 4 parts water, keep at a gentle 
heat for some hours with about 10 grammes cochineal powder to 
every 1,000 cubic centimetres of the solution, cool and decant the 
clear liquid. Its yellow colour is changed to red by alkalies, and to 
yellow again by mineral acids and is not afEected by CO,. 

The acid must be added to the alkali solution when using this 
indicator. 

To prepare Xethyl-orange for estimating Ammonia in Gas. 

Dissolve 1 gramme of methyl-orange, in powder, in methylated 
spirit and make up to 1 litre with a solution of one part water and 
one part methylated spirit. 

The colour is changed to yellow by alkalies and then to red by 
acids ; it is not affectol by CO,. 

To prepare Phenol-phthalein. 

Make an alcoholic solution which should be colourless, but an 
alkali causes it to become red, and this is again destroyed by an acid. 
Phenol-phthalein is affected by the presence of ammonia salts or CO,. 

Standard Solution. 

For testing gas liquor (Wiirs test) — 

125 cubic centimetres NH, (specific gravity '880) to 1 litre H,0. 

10 per cent, acid (specific gravity of strong acid). 

/ 1-067 = 9-8 per cent. acid. 

\10 parts to 90 of water. 

10 per cent, acid ^ 1064*4 specific gravity. 



To prepare Standard Acid Solution for test of Ammonia. 

Measure a gallon of distilled water in a clean earthenware jar or 
other suitable vessel. Add to this 94 septems of pure concentrated 
sulphuric acid and mix thoroughly. Take exactly 50 septems of the 
liquid and precipitate it with barium chloride in the manner prescribed 
for the salphur test. The weight of barium sulphate which 50 
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septems of the test add should yield is 13*8 grains. The weight 
obtained with the dilute acid prepared as above will be somewhat 
greater, unless the sulphuric acid used had a specific grafity below 
1*84. Add now to tne dilute acid a measured quantity of water, 
which is to be found by subtractiug 13*8 from the weight of barium 
sulphate obtained in the experiment and multiplying the difference 
by 726. The resulting number is the number of septems of water to 
be added. If these operations have been accurately peiformed, a 
second precipitation and weighing of the barium sulphate obtainable 
from 60 septems of the test acid will give nearly the correct number 
of 13*8 grains. If the weight exceeds 13 '9 grains, or &dls below 13*7 
grains more water or sulphuric acid must !:« added, and fresh trials 
made until the weight falls within these limits. The test-acid thus 
prepared should be transferred at once to stoppered bottles which 
have been well drained, and are duly labelled. (Metropolitan Gas 
Referees.) 

To prepare the Standard Solution of Ammonia. 

Measure out as before a gallon of distilled water, and mix with it 
20 septems of strong solution ammonia (specific gravity 0*88). Try 
whether 100 septems of the test alkali thus prepi^ed will neutralize 
25 of the test acid, proceeding according to the •direction given sub- 
sequently as to the mode of testing. If the acid is just neutralized 
by the last few drops, the test-alkali is of the required strength ; but 
if not, small additional quantities of water or of strong ammonia 
solution must be added, and fresh trials made, until the proper 
strength has been attained. The bottles in which the solution is 
stored should be filled nearly full and well stoppered. (Metropolitan 
Gas Bef erees.) 

To prepare Fotaitium Hydroxide for determining COa. 

Use commercial stick potash, not purified by alcohol, dissolve 8 ozs. 
in a pint of distilled water for careful and exact tests, but for ordinary 
work, a more dilute solution may be used. 

To prepare Bromine for determining the Eydroearbons. 

Make an aqueous solution of bromine almost saturated. Before 
measuring the absorption the vapour of the bromine must be removed 
by potassium hydroxide solution. 

A solution of bromine in potassium bromide is sometimes used. 

To prepare Cuprous Chloride Solution for determining CO. 

For the hydrochloric acid solution, place 100 grammes of precipi- 
tated cuprous chloride in a bottle and pour on 500 cubic centimetres 
of concentrated hydrochloric acid, into which put some copper spirals 
so as to reach to the top of the liquid. 

For the ammoniacal solution, place 40 grammes of precipitated 
cuprous chloride in a bottle and fill up with 400 cubic centimetres 
of water, into this bubble some ammonia gas, made by boiling some 
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strong ammoniii solution, the fumes from which are carried into the 
bottle containing the cuprons chloride, until the latter assumes a pale 
blue colour, then make the solution up to 600 cubic centimetres, and 
carefully stopper the bottle. 

To prepare Snlphurio Aeid for determining the Hydrocarbons. 

The acid to be used must be strongly fuming acid (Nordhausen) 
which on cooling to a slight degree below usual temperatures, deposits 
crystals readily. It is used either on coke balls thoroughly saturated 
or in absorption pipettes with glass balls inside. Before measuring 
the absorption, the acid yapours must be removed by potassium 
hydroxide solution. 

To prepare Fyrogallio Aeid Solntion for determining Oxygen. 

Dissolve fresh pyrogallic acid in 3 times its weight of water 
(distilled). After pouring this into the absorption tube,, put in eight 
times the volume of caustie potash solution. The absorption of 
oxygen is slow and requires about 6 minutes' agitation. 

To prepare Kormal Oxalic Acid. 

This solution should contain 63 grammes per litre. Dissolve this 
quantity in distilled water and make up to 1 litre. Test against 
normal alkali. Do not use this acid with methyl-orange, and keep it 
out of direct sunlight. 

To prepare Kormal Hydroehlorie Acid. 

This solution should contain 36*5 grammes per litre. Dilute strong 
hydrochloric acid with distilled water and make it of 1*10 specific 
gravity at 60° F. Test against normal solution of sodium hydrate 
and dilute to normal strength. 

To prepare Kormal Snlphnrio Add Solution. 

This should contain 49 grammes pure H.SO4 per litre. Add strong 
sulphuric acid to distill^ water, and when cool test by means of 
standard sodium carbonate solution, and add water to reduce to 
normal strength. When the solution is -correct an equal quantity of 
the acid sho^d exactly neutralize an equal quantity of the alkalL 

To prepare Kormal Solution of Sodium Carbonate. 

The solution should contain 63 grammes pure Na^CO, per litre and 
the NagCOs should be dissolved in the water, and, when at normal 
temperature, the amount made up to the exact quantity by adding 
distilled water. 

To prepare Kormal Sodium Hydrate Solution. 

This solution should contain 40 grammes per litre. Dissolve about 
44 grammes caustic soda, purifiS by alcohol, in distilled water, 
recently boiled and cooled. 
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Or nie 26 gianmies clean metallic sodiam in distilled water. Test 
with normal acid solution and dilute to proper strength. Specific 
giayity of solution 60 grammes per litre equals 1*05. 

26 septems standard acid neutralize 1 grain NH^ 
100 I, „ ammonia contain 1 grain NH,. 

EqnivBlent Vormal Solutions. 

Nitric acid 63 grams per litre. 

Anhydrous carbonate of soda . . 53 „ „ „ 

Sulphuric acid ^^ n it n 

Sodic hydrate ^0 „ an 

Hydrochloric acid 36*5 „ „ „ 

Ammonia . . . . . 17 „ >t » 

Degrees of Twaddell's Hydrometer oompared with Speoiflo OraTity. 



rwBddeU. 


Specific 
Gravity. 


rwaddeU. 


Specific 
Gravity. 


rwaddell. 


Specific 
Gravity. 


r«raddeIL 


Specific 
Gravity. 





1-000 


6 


1-030 


13 


1-065 


19 


1-095 


1 


1-005 


7 


1-035 


13-4 


1-067 


20 


1-100 


1-4 


1-007 


7-4 


1-037 


14 


1-070 


21 


1-105 


2 


1-010 


8 


1-040 


15 


1075 


21-6 


1108 


2-8 


1014 


9 


1-045 


16 


1-080 


22 


1-110 


3 


1-015 


10 


1-050 


16-6 


1-083 


23 


1-115 


4 


1-020 


10-2 


1-052 


17-0 


1-085 


23-2 


1-116 


4-4 


1-022 


11 


1-055 


18-0 


1-090 


24 


1-120 


5 


1-025 


12 


1-060 


18-2 


1-091 


25 


1-125 


6-8 


1-029 















Degrees Twaddell x 5 + 1*000 equals specific gravity. 
Specific gn>.ity-l-000 ^ p.^^ ^WB^ddL 

To find the volume of air required to chemically combine with any 
fuel to support complete combustion : — 

1*52 { per cent, of C+3 (per cent, of H) — -4 (per cent, of 0) } 

equals cubic feet per lb. fuel, of air as at 62° F. and at one atmosphere. 

In above no notice is taken of the air required by the sulphur, 
which is only nominal. 

To find the volume of gaseous products on complete combustion of 
1 lb. fuel as at 62° F. at one atmosphere. 

(1-52 X per cent, of C) + (5-52 X per cent, of H) 

To find the weight of gaseous products on complete combustion of 
1 lb. fuel as at 62° F. at one atmosphere : — 

(-126 X per cent, of C) + (-358 x per cent of H) 



LOSS OF LIGHT ON MIXING AIR WITH GAS. 
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To find the total heat of oombostion of any fuel contaiiiing G 
and H : — 

145 1 per cent, of C -f (4*28 X per cent. H) } 

The richer the gas the greater the quantity of required for 
complete combustion. 

1 Yolume gas requires 5^ volumes air for complete combustion. 

Beiults of diiferent mixtures of Oas and Air on Light given by 

Incandescent Burners. (W. Foulis.) 

r,^ r^ a 4 Illuminating Power 

Glasgow Gas. Air. ^^ Cubic Foot. 

1 . . . . 7 . . . . 13-0 candles. 

1 . . . 5-8 . . . 28-2 

1 . . . . 4 . . . 17-3 

With gases of over 50 candle power the addition of small quantities 

of O increases the illuminating power by combining rapidly with 

the H of the hydrocarbons and therefore not requiring the use of a 

similar quantity of O combined with N from the air, the N actiog 

merely as a diluent, with low quality gases the quantity of possible 

to effect an increase is very minute. 

The addition of a small proportion of oxygen to coal gas was found 
by Dr. P. Frankland to sensibly increase the illuminating power, but 
the addition of even a small quantity of nitrogen materially decreases 
it. 1 per cent. N reduced the luminosity 1 per cent. 
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Loss of Light by the addition of air to Coal Gas. (Wurtz.) 

Air. Loss of Light. 

3-00 15-69 per cent. 

4-96 23-83 

11-71 41-46 

16-18 57-53 

25-00 84-00 



11 



If 
i» 
It 



11 



11 



Loss of Light per Cent, by Mixing Air with Coal Qm, 



Air, per cent . 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


15 


20 


30 


40 


Loss of Light, 






























per cent. 


6 


11 


18 


26 


33 


44 


53 


58 


64 


67 


80 


93 


98 


100 



The reason CO, is a more harmful substance than N is that the specific 
heat of CO, is nearly half as much ag^in as that of N and consequently 
the amount of heat taken up by CO, in being raised to the temperature 
of the flame is greater than that taken up by nitrogen. 

One per cent. CO, reducing the illuminating power about 4 to 5 per 
cent. 

GO,, air, K, and water vapour, cool and dilute flames. 

H and CO dilute only. 

The addition of N to pure ethylene reduces luminosity in propor- 
tion to its volume, but probably when N is added to coal gas some of 
the tarry vapours are carried forward by it, and the luminosity is 
therefore not decreased to the same extent. 
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Comparative Dnty of Different Bnrneri with 16-oandle Oas. 



Burner. 

Flat flame, No. . 

1 
2. 



(Professor Lewes.) 
Light per 



n 






»» 



4. 



Cubic Foot 
of Oas. 
0-59 
0-85 
1-22 
1-63 
1-74 
1-87 



Burner. 
Flat flame, No. 6 . 

»» >i »> 7 

Ordinary Argand 
Standard ,, 
Begenerative 



Light per 
Cubic Foot 

of Oas. 
. . 215 

. 2-44 
. . 2-90 

. 3-20 
. . 10-00 



Billeienoy of Ineandeaeent Bnmera with Difllsrent Quality Cktsei. 

(Foulis.) 



Ordinary Burner (Flat FlameX 


Incandescent Burner. 1 


Illuminaling Power 
Ooirectedto 
5 Cubic Feet 


Candles per 
Cubic Foot. 


Illuminating Power 
Corrected to 
6 Cubic Feet 


Candles per 
Cubic Foot 


231 
17-9 
16-2 
14-6 
13-5 


4-6 
3-6 
8-2 
2-9 
2-7 


117-3 
90-3 
87-9 
84-4 
81-9 


23-40 
18-07 
17-59 
16-89 
16-39 



The following Table gives the results obtained with Edinburgh 
gas when consumed from various burners : — 

Five cubic feet are equal to :— 

Candle Power. 
Bray No. 8 2500 



Bray « Special " No. 8 
Bray Adjustable „ g 

)f I) 9 

n n 9 

It V i 

8 



Milne's Old Regulator . 
Spon's Deflector and No. 7 Bray 
Noleton Duplex (No. Bray) 
Parkinson Regulator and No. 7. Bray 
Peeble's Regulator, No. * 

e 
n ii 4 

}) 11 9 

11 11 i 

„ Street Burner 
Welsbach " S " Burner . 

(Professor W. I. Macadam.) 
With a Union jet CH^ and C^Hg are non-luminous. 



29-43 
21-72 
26-66 
28-37 
30-39 
36-16 
36-76 
36-87 
28-00 
32-35 
18-12 
20-75 
25-00 
23-75 
28-57 
19-41 
53-30 
61-95 
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Average Compoiition of London Gas. (Dr. Letheby.) 



Hydrogen . . . . 
Light carbnretted hydrogen 
Condensable hydrocarbons . 
Carbonic acid . 
Carbonic oxide 
Aqueous vapour 
Oxygen . . . . 
Nitrogen .... 



Common Gas. 



Twelve 

Candle. 

46-0 

39-5 

3-8 

0-6 

7-5 

2-0 

0-1 

0-6 



100-0 



Gannel Gas. 

Twenty- 
Candle. 
27-7 
60-0 
180 

0-1 

6-8 

20 

0.0 

0-4 



100-0 



Analyiif of London Ckw at probably 12 Candle Power. 

(Thwaite.) 

Per 
Gent. 
Unsaturated hydrocarbons .... 3*84 

Benzol 1-04 

Marsh Gas 35*63 

Carbon anhydride 1*41 

CO 615 

H 47-73 

O 0-30 

N 3-90 

Analysis of Coal Gas, London. CLemcet,') 





By Volume. 


By Weight 


Benzene (CaH^) 


. 0-55 


3-98 


defines (C,H J 


4-45 


11-76 


Carbon monoxide (CO) . 


7-80 


20-00 


Hydrogen (H) . 


. 52-90 


9-84 


Methane (CHJ 


. 31-80 


48-00 


Nitrogen (N) 


. 2-50 


6-42 



Average Composition of 16 to 17 Candles Caking Coal (Hs. 

(L. T. Wright.) 

Per Cent 
Hydrocarbons capable of absorption, say 

(CnHm) 4 

Paraffins, treated as Marsh gas (CH J . . 38 

CO 6 

H 48 to 60 

N 2 
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Electrical Xemoraada. 

A " Tolt " is the standard or measurement of preasiire. 

An " ampere " is the standard of quantity or measurement of the 
rate of flow. 

An ** ohm " is the standard of resistance offered by 129 yards of 
No. 16 copper wire. 

A " Watt-hour " is the standard of pressure x amperes x hours. 

A " unit " is the standard of kilowatt hours (1,000 Watt-hours) and 
will maintain a 16 c. p. lamp 15 hours. 

A unit of electricity = 100 cubic feet gas yielding 2 J candles per 
cubic foot = 12 cubic feet gas in Kern burner = 8 cubic feet gas in 
high pressure burner. 

4 Watts will produce 1 c.p., 764 Watte = 11. H.P. 

Heat from an incandescent electric 16 c. p. lamp is one-twentieth 
of an equal gas light. 

1 unit of electricity gives as much heat as 6 cubic feet gas. 

0*746 unit of electricity required to develop 1 B. H.P. per hour, 
practically, however, 0*85 unit of electricity is nearer. 

Price per unit x 1,000 equivalent value of gas per 

c. ft. required to give 240 c. p. hours thousand feet. 

Co]n|K>8ition of London Oas Companies' Coal 0a8. 

(Professor Lewes.) 





South 
Metropolitan. 


Gas Light 
and Coke. 


Ck>minercial. 


Hydrogen .... 


62-22 


53-36 


52*96 


Unsaturated hydrocarbons . . 


3-47 


3-58 


3-24 


Saturated hydrocarbons . 


34-76 


32-69 


84-20 


CO 


4-23 


7-05 


4-75 


CO, . . . . 


0-60 


0-61 


0-76 


N 


4-23 


2-50 


6-10 





0-49 


0-21 


0-00 



Approximate AnalyBis of London Coal Oas. 
(Professor V. B. Lewes.) 
. by volume 62*0 per cent., by weight 9*6 per cent 



Unsaturated hydro- 
carbons, C.H. . „ 8*0 

Saturated hydro- 
carbons, CjH, . „ 1*0 

Saturated hydro- 
carbons. CH^ . „ 34-0 

CO ... . „ 5-0 

N . . . . „ 4-5 

CO, .... „ 0-0 

O . . . . „ 0-5 

The illuminating power is far more dependent upon the mode in 
which the C is combined than upon the actual percentage present in 
the gas. (W. Young.) 



>» 



n 


7-7 


»> 


>» 


7-1 


i» 


» 


49'9 


>» 


>» 


12-8 


»» 


»» 


11-5 


»» 


ii 


0-0 


11 


j» 


1-4 


It 
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Conpof itioB of Coal Gas by Volume. 



H . . . 34 to 53 percent. 
OH^ manh gas 43 to 86 „ 
00 . . . 6to2-7 „ 



and CO. . 1 to 0-3 percent. 
C^Hg Olefines 13 to 3-0 „ 
N . . . 8to50 „ 



Compoiition in 100 Volumes. 


(Sir 


H. Roscoe.) 






IllaminatiDg 

Power In 

Candles per 5 

Cubic Feet. 


H. 


OH*. 


OnH|n> 


C.H*. 


CO. 


N 

CO.. 


Gannel gas 
Goal gas . 


34-4 
130 


25-82 
47-60 


51-20 
41-53 


13-06 
3-05 


(22-08) 
( 6-97) 


7-85 
7-82 


2-07 



Ayerage Composition of Natural Oas in Ameriea. 
H = 22 per cent. 



Marsh gas = 67 

Other bodies in small quantities =: 11 

100 



n 



Composition of Coal Oas, Water Oas, and a Xiztnre. 

(E. G. Love, 1889.) 



Hydrogen 
Marsh gas 
CO .. 
Ethylene 
Ethane 
Benzol vapour 
C0» 
O . 
N . 



Specific gravity (calculated) . 
Calorific power, heat units 
Air required for combustion of 
1 lb. of gas, lbs. . 



Coal. 



39-78 

45-16 

7-04 

4-34 

2-04 
1-08 
0-06 
0-50 



100-00 
0-4644 
19233-6 

14-70 



Water. 



29-16 
24-42 
28-33 
12-46 
0-78 
2-88 

0-21 
1-76 



100-00 
0-6651 
13913-6 

10-22 



Mixture. 



34-47 
34-79 
17-685 
8-40 
0-39 
2-46 
0-54 
0-135 
1-13 



100-00 
0-55971 
16114-4 

13-08 



(Extract from paper by E. Q. Love, at Baltimore, U.S.A., 1889.) 
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Coo^tnitiYe AoftlTdi of Coal Om sad Carlnirettad Water Ofw. 

(A. B. Broodbeny.) 



DefcrlpttoDofOM. 


H.8. 


CO.. 


niomi- 

TULHtB. 


O. 


<X). 


H. 


Manh 
Om. 


*Bal. 
ance. 


UDpnrified car- 


















baretted water 


















gas . 
Ifnpurified coal 


0:4 


60 


8-8 


0-5 


27-4 


32-3 


20-5 


41 


















gas from scrub- 


















ber outlet 


1-4 


1-3 


2-3 


11 


5-2 


430 


371 


8-6 


Combined gas, 


















pnrified equals 
96percent.car- 


































buretted water 


















gas 


— 


^— 


4-8 


0-2 


13-8 


411 


32-7 


7-4 



♦ Probably N. 

Specific gravity of combined gases, '5, EgS and CO^, calculated by 
explosion and absorption. 

Vaptlialena is a white, shining, crystalline substance, fusing at 
176° F., and boiling at 423° F., but volatilizing when brought 
into contact with steam. It is not soluble in water, but readily 
dissolves in alcohol, chloroform, naptha, ether, or carbon disulphide. 
When napthalene is found, the condition of the coal should first be 
looked alter. The use of wet coal, particularly if slack, should be 
avoided. 

A test is to neutralise the liquor with dilute sulphuric acid. If 
napthalene be present, the liquor assumes a rose colour, and the 
sulphate solution gives ofE the peculiar odour distinctly characteristic 
of napthalene. 

Carbon Monoxide (CO) is colourless, and has no taste, bums with 
a lambent blue flame on admixture with oxygen and forms CO,. 

Can be absorbed by a solution of cuprous chloride (Cua Cls). 

Carbonic oxide is a colourless gas which bums with a bright blue 
flame forming CO9, 2 or 3 per cent, in the air may prove fatal, it has 
no odour. Specific gravity is '968, 100 cubic inches, weighs SO grains. 

Carbon Dioxide (COs) is colourless and has no smell, and is formed 
whenever carbon is burnt in excess of air or oxygen. 

Ethylene or Oleflant Oas (Ca HO is colourless and of a sweet taste, 
bums with a smoky luminous flame in air, explodes loudly when 
mixed with 3 volumes and fired, the same quantity being required 
to cause complete combustion. 

Methane or Marsh Oas (CH4) is colourless, and bums with a non- 
luminous flame, is tasteless, and has no odour ; 1 volume CH4 and 
8 volumes explode with a light when 1 volume remains. 

Marsh gas weighs 17*41 gndns per 100 cubic inches. Density 
is '569. 
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BelatiTO, Calonlated, and Found Values of Oaaes. 

(Professor V. B. Lewes.) 

Illuminating Valne. 
Calculated. Found. 

Methane . . . 8*4 . . 5*2 

Ethane 35*0 . . . 35-0 

Ethylene . . 60-9 68*5 

Acetylene .... 202*2 . . . 240-0 

At between 1,500° and 1,600° F., ethylene is broken up into 
acetylene and methane, with formation of benzene ; and at 1,832° 
F. napthaiene and other bodies are formed, and at 2,000° F. 
aje again broken down to acetylene, which then decomposes into 
C and H. (Professor V. B. Lewes.) 

Not more than 2 cubic feet per hour of ethylene or ethane can be 
used in a " London " Argand burner without smoking. 

The boiling point of ethane is 89*5 at 735 millimetres pressure. 

The density of liquid ethane was found to be 0*446 at 0° and 
0*396 at + 10*5°. (Dewar.) 

Illuminating value of ethane 35, ethylene 68, acetylene 240. 

Propane is a perfectly colourless liquid, but much more viscous 
than liquid carbon dioxide. 

Heptane was found practically insoluble in water. 

Boiling point of phenanthrene equals 350° C. 

Olefiant gas bums well, 100 cubic inches weigh 30*57 grains. 
Density is '981. 

Acetylene is colourless and bums with a very brilliant flame. 
Specific gravity is '920. If chlorine is added to acetylene the mi:s:ture 
explodes. 

Specific gravity of CSq equals 1*29. 

CSa boils at 46° C. 

CS2 vapour ignites at 300° F. (149° C.) when ethylene is not 



Napthaiene CjoHe. 
Heptane C7Hie. 



present. 

Benzene C^Bq. 
Toluene CyHe. 
Xylene CgHio. 

Propane is obtained in a state of purity by heating propyliodide 
with aluminium chloride in a sealed tube to 130°. After subjection 
to this temperature for twenty hours the tube is allowed to cool and 
subsequently placed in a freezing mixture. (A. E. Tutton.) 

Lithium hydride is formed by raising metallic lithium to a red heat 
in an atmosphere of hydrogen. The gas is absorbed by the metal 
forming a white powder on which the atmosphere acts only very 
feebly. When wetted the powder restores the hydrogen it has 
absorbed and the quantity given off is greater weight for weight than 
is obtainable from any other material. 

Argon density equals 19*940 to 19*941. 

Argon viscosity equals 121. Air equals 100. 

Specific gravity of graphite equals 2*16 to 2*36. 

G.E. A A 



T/ 
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Specific gravity of hydrogen gas equals '069. 

A colamn of any perfect gas expands from 1 to 1*3665 between 
0° 0. and 100° C. 

One cubic foot hydrogen weighs 37 grains, therefore to obtain 
weight of 1 cubic foot in gas of any gas, multiply half molecular 
weight if a compound gas, or molecular weight if a simple gas X 37. 

The atomic weight of an elementary gas X *0691 equals its specific 
gravity. 

Half the atomic weight of a compound gas or vapour x '0691 equals 
its specific gravity. 

One litre H gas at 0° C, and 760 millimetres pressure, weighs 
0-0896 grains. 

H liquefies at about - 200° C. 

Specific gravity equals 1*1056, liquefies at - 14° C, and a pressure 
of 320 atmospheres. 

To obtain weight in grains of any gas : specific gravity X 537 
(weight of 1 cubic foot air) ^ grains per cubic foot. 

The correct temperature of the boiliug point of propane is found to 
be - 37° at 760 millimetres pressure. (Tutton.) 

Ammonia density, '689 ; weight of 100 cubic inches is 18*26 grains. 

The hydrocarbons in unenriched coal gas, which give it its 
luminosity, are principally methane, ethylene, and benzene vapour. 

Usually accepted theory of light is, that there are three distinct 
zones ; the inner zone consisting of unburned gas, the middle lumin- 
ous zone, where the H changes into water, developing heat, and 
consequent incandescence of 0, and the outer zone, where the C 
becomes carbon anhydride. 



Flame Temperatures. (Professor V. B. Lewes.) 

Inner zone temperature rises from a compar.itively low point at the 
mouth of the burner, to between 1,000° and 1,100° at the apex of the 
eone. Here takes place the conversion of the hydrocarbons into 
acetylene ; the luminous zone, in which the temperature ranges 
from 1,100° to a little over 1,300°, with a decomposition of the 
elements of the acetylene formed in the inner zone ; the extreme 
outer zone, in which the cooling and diluting influence of the entering 
air renders a thin layer non-luminous, and finally extinguishes it. 



Temperature of Different Portions of Flame in Different Oases. 

(Professor V. B. Lewes.) 





Acetylene. 


Ethylene. 


Ck)alGas. 


Non-luminous zone 
Commencement of luminosity . . 
Near top of luminous zone . 


Degrees C. 
459 
1,411 
1,617 


Degrees C. 
952 
1,340 
1,866 


D^rees G. 
1,023 
1,658 
2,116 
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Temperature of the mantle of a coal gas flame is above the melting 
point of platinum. (Smithells.) 

Hydrogen and CO only require half their volume of for complete 
combustion, and therefore obtaining this quickly, give only a short 
flame. Methane requires twice its volume of 0, and thus gives a 
flame nearly four times as long. 

A flame of a given size requires a volume of gas, larger or smaller, 
according to the illuminating power of the gas. 

The cause of luminosity in coal gas flames is not attributable to any 
one hydrocarbon, but to the combined action of all that are present 
in the gas. (Professor Lewes.) 

The iUuminating property of gas depends upon the presence of 
about 4 per cent, of unsaturated hydrocarbons. 



nimninating Value of Hydrocarboiui per 5 Cubic Feet of Vapour. 

(Professor Lewes, 1890.) 





Candles. 




Candles. 


Methane . 


5-2 


Acetylene . 


. . 240-0 


Ethane 


35-7 


Benzene . 


. 420-0 


Propane . 


56-7 


Toluene 


. . 741-7 


Ethylene . . . . 


70-0 


Napthalene 


. 900-0 


Propene . 


123-0 







The illuminating value of hydrocarbon gas, when consumed alone, 
may be approximately calculated from the heat of formation or 
stored-up potential energy of the elements present in each hydro- 
carbon. 





ninminating Value. 




Calculated. 


Found. 


Methane 


.. . 8-4 


5-2 


Ethane 


. . 35-0 


36-0 


Ethylene 


. 60-9 


68-5 


Acetylene . 


. . 202-2 


240-0 
(Professor Lewes.) 





Illuminat- 
ing Power, 
5 Cubic 
Feet. 


Oxygen 
required 
per Cubic 
Foot Con- 
sumed. 


Yield 
COa. 


Water 
Vapour. 


Quantity Present in 
Coal Gas. 


Marsh gas . 
Ethylene . 
Benzene 
Acetylene , 


Candles. 

5-2 
70 
420* 820t 
400 


Cubic 
Feet. 

2 

3 

2i 


Cubic 
Feet. 

1 

2 

6 

2 


Cubic 
Feet. 

2 

2 

3 

1 


. 40 to 50 per cent. 
Minute quantity. 



Frankland. f Enublauk. 



A A2 
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Mr. W. Young has shown that where feebly laminoos gas, which 
contains a large surplus of potential or heat energy, is carburetted, 
this heat energy is utilized in raising the potential of the added 
hydrocarbons, with a consequent increase of light. 



Table Showing the Comparative Quantities of Varioni Ckuiei of 
Different Qualities Beqnired to Evaporate an Sqnal Quantity 
of Water. (J. Travcrs.) 

Cannel gas 



» 

rt 






Newcastle coal gas . 



11 



»j 



South Wales" 






11 



11 



and 20 % cannel „ 



. of 24 candles 


18-50 cubic feet. 


11 22 „ 


19-75 


11 11 


■ 11 20 „ 


20-50 


11 11 


. „ 16-5 „ 


21-75 


11 11 


. „ 14-5 „ 


22-00 


11 11 


. „ 13-5 „ 


22-50 


11 11 


. „ 10-5 „ 


28-00 


11 11 


ael „ 14-0 „ 


23-50 


11 11 



The Value of Coal Oas at Different Candle Poweri for Lighting 

and Heating. (D. Wallace.) 



Candle Power of 
Oases. 


Comparative 
Specific Gravity. 


Valtie for Heating. 


Value for Lighting. 


14-75 
26-24 
33-07 


1-000 
1-187 
1-298 


1-000 
1-295 
1-496 


1000 
1-769 
2-230 



The products of combustion of gas are, H2O, caused by the com- 
bination of the hydrocarbons of the gas with the of the air, and 
COa, from the combination of the C with the O of the air. 

The proportion of sulphur in the products of the combustion of 
coal gas, which is converted directly into sulphurous anhydride, 
ranges from 89 to 99 per cent. 

Cannel enriched Londonr 16-candle coal gas gives about a 3-inch 
flame in a " London " Argand burner. 

Carburetted water gas, 22-candle power, gives only about a 2-inch 
flame, owing to the presence of less methane. (Professor Lewes.) 

The quantity of air admitted to the flame is principally influenced 
by the pressure at which the gas issues from the orifice. 

5 cubic feet of gas at }§ths pressure equals 11-14 candle power. 

5 cubic feet of same at ^ths pressure equals 20 candle power. 
(Professor W. I. Macadam.) 

Size of flame from carburetted water gas is less than with coal gas 
for same illuminating power. (Professor Lewes.) 

Light moves with a velocity of about 180,000 miles per second. 

The mechanical equivalent of light equals 749 foot lbs. per hoar 
per candle. (I^fessor Julius Thomsen.) 

Professor F. Clowes finds that an atmosphere of 16*4 per cent. 0. 
80*5 per cent. K, and 3*1 per cent. COa will extinguish a candle, but 
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can support a coal gas flame or life, whereas an atmosphere that will 
extinguish a coal gas flame will not support life. 

A paraffin flame will not burn in less than 16-6 per cent. 0. 
A candle 



A methane 

AGO 

A coal gas 

AH 



It » 

» » 

it » 





15-7 „ 




0. 




16-6 „ 




0. 




13-35 „ 




0. 




11-35 „ 




0. 




5-5 ;, 




0. 



(Professor Clowes.) 



Temperature of a Banten Flame. 

Henry W. J. Waggener xound that the highest temperature he 
could get was 1,704° C. or 3,100° F., which is only a little below 
the melting point of platinimi (1 ,780° C). 

The Temperature of Bunsen Flame. (Professor Warburg.) 

The highest temperature found was 1,704° 0. 

Strontium flame is rose coloured. 

Sodium flame is blue green. 

Mr. Macpherson showed (1878) that there was a proportionate 
relation between the hydrocarbons absorbed by bromine, the 
durability of a 5-inch flame, and the illuminating power ; and that 
the illuminating power and the durability bore a fixed relation to the 
percentage of C in the gas. 

Durability test is ascertaining the time that a cubic foot of gas 
will make a flame 5 inches high. 

With the durability test, and a jet of ^th inch diameter, and 
5 inches flame, Dr. Fyfe found that the quantity consumed was 
directly as the square root of the pressure. 

In setting the jet photometer to work it should be calibrated by 
means of a Bunsen photometer, and with gases of different qualities. 

The water line in a jet photometer should be adjusted at least once 
a day by turning off the gas and letting out all pressure, and setting 
the hand at zero by adding more water as required. 

8-8 inches „ 

jQ Mercury = 12 inches water pressure. 

One cubic inch of mercury weighs 0*49 lbs. 

Mercury gauges are about 13^ to 14 times shorter than water 
gauges. 

When the two tubes of a pressure gauge are unequal the quantity 
of liquid displaced in each tube is equal, and in inverse ratio to 
their sectional areas. 

Different sizes of tubes in U pressure gauges have no effect upon 
the correct registration of the gauge, the absolute difference of level 
being the same for a given pressure despite the inequality of the 
glasses. 
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The Boazd of Trade StandaidB Department nas settled that the 
cubical oonteiito of the photometrical room is not to be less than 
1,000 cabic feet. This is best aboot 12 £eet long by 9 feet wide by 
10 feet hig^ This will take a photometer 100 inches or 60 inches 
long between the gas and candles. Bat if the room is larger it will 
be better for the purpose — 1,500 or 2,000 feet cubic contents are not 
too much. 

Such ventilation is required that there shall be an ample air 
supply moving at a low Telocity. 

Ventilation of the photometer room is a yery important points 

The air removed from a photometer room should be 2,000 to 3,000 
cubic feet per hour. 

Mr. J. Methven found that air at increasing temperatures, 
saturated with moisture, decreased the light emitted from a flame 
rapidly equals 10 per cent, between 60° and 75° F. 

The area which the light covers equals 1 at 1 foot, but at 2 feet 
equals 4, at 3 equals 9, and at i equals 16. 



4\i6 




4 ft. 



With the shadow photometer, square the distances of the two 
sources of light from the screen, and divide the one into the other. 

It has been found that the normal eye can detect a difEerence in 
strength of light and shadow of ggths. 

With a Ruinford photometer the error in reading need not be more 
than ^th, and should not in usual cases be more than 1 per cent. 

On a 100-inch photometer bar the divisions are more easily read 
than on a 60-inch one. 

60-inch bar in photometer is preferable to 100-inch for ordinary 
gases from 14 to 80 candle power, owing to the better illumination 
of the disc. 

If fog is present the 60-inch photometer bar is best, owing to 
the difEereijce in value between the gas and candles causing the 
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greater obstmction on the one side. If the standard shonld be 
made more nearly equal t^is advantage of the 60-inch bar would 
disappear. 

Formula for calculating the oomparatlTe light of two sources : 
divide the distance of one from the screen by the distance of the 
other and square the quotient. 

To Graduate Photometer Bar. _^ 

100 inehei. — ^The distance from the candle to any marlcs= = 

^ a-l 

where a = the number to be placed upon the mark. 

60 vr-1 



60 i&ehei.— The distance from the candle to any mark = 



a 



To Find the Distance of any Kark in a Photometer Bar 

from the Standard. 



Distance between lights X Q,J number of candles — 1) 

Number of candles — 1 

^distance to mark. 
To prove this — 

distance from mark to light' „ , ^ ,. 

distance from mark to standard^ = ^^^ t*'Xrt iXust 



With a Fixed Distance for the Standard from Disc. 

^/ Number of candles x fixed distance = distance of mark 

from light. 

With a Fixed Distance for the Light to be Tested from 

the Disc. 

fixed distance _. ^ , . , , 

= distance from standard. 



N/Number of candles required 

The disc should be examined that it be not too dry or too old or 
have been badly made ; sometimes the two sides of a Bunsen disc will 
give a different reading, through the different temperatures to which 
the sides are subjected. 

The Gas Referees for London insist that 5 of the 10 tests shall be 
made with the one side of the disc to the gas, and the other five with 
the opposite side. 

After making 5 of the 10 tests reverse the disc, so as to equalize 
any difference in colour of the two sides of the disc. 

If the disc in a Bunsen photometer is made with 3 spots fixed 
horizontally and the disc placed slightly obliquely, the per cent, of 
error is considerably reduced in reading. (Mr. Heschus.) 
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A chisel-shaped crayon has been used instead of a grease-spot paper 
in a photometer. The crayon is cut to a chisel edge and fixed with 
the edge in a vertical position ; the light falling upon it through two 
slits in a f-inch tube in the axis of which the crayon is fixed, when 
the lights are even the edge disappears, and the surface appears as 
a flat. 

A photometer has been made in which the decomposition by light 
of ioduret of nitrogen, prepared by the action of a pure aqueous 
solution of ammonia at 20° upon iodine, and noting the quantity of 
nitrogen produced in a given time, and the distance of the light 
from the liquid. (L6on.) 

For obtaining the illuminating power from the calorific value of 
a coal gas Mr. B. H. Thwaite recommends the following formula : 

photometric value in candles __ calorific value — 2280 
decimally graduated 352*6 

the Berthelot-Mahler calorimeter being used. 

The candle balance should be sufficiently sensitive to weigh j^th 
grain. 

Photometers with sliding candles are not now stamped by the 
Standards Department of the Board of Trade. 

Standard candles should be 8f inches from base to shoulder and 
are made of spermaceti with from 4 to 5 per cent, beeswax. 

The Gas Referees Instructions allow the use of a candle burning 
within 5 per cent, of the prescribed amount. 

The chief error in the amount of light emitted by a candle is due 
to variations in the character of the wick employed. 

Variation in Light-giying Power due to Position of Wick. 

(J. Methven.) 

Plane of curvature of both wicks parallel to plane of disc equals 
1*999 candles. 

Plane of curvature of both wicks at right angles to plane of disc 
and bent away from disc equals 1*957 candles. 

Plane of curvature of both wicks at right angles to plane of disc 
and bent towards disc equals 1*933 candles. 

The cone at the top end of sperm candles should not be used in 
photometry, but a good cup should be made under the wick by 
revolving the candle in the hand when lighted, allowing the grease 
to fall off, the extra length of wick should be removed. They should 
now be burnt until the wicks bend over, a red point is seen showing 
through the flame, which should be of its maximum size. 

No candles should be used that gutter badly, smoke, or form badly 
shaped " cups " around the wick, or have the wicks greatly out of the 
centre, or too closely or too tightly woven wicks. The candles should 
burn at least 10 minutes before commencing to test, and they should 
be placed that the plane of the wicks are at right angles to each 
other. 
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In testing gas the candles haying been made in a mould are taper 
and should therefore be cut in half, and about half inch of the wax at 
the middle end remoYcd from around the wick very carefully so that 
the latter is not damaged. All candles burning more than 126 grains 
or less than 114 grains per hour should be rejected. 

The spermaceti employed in the manufacture of standard candles 
is a mixture of solid fatty ethers and a small quantity of oil, with 
about 6 per cent, of beeswax to prevent crystallizing. 

Flames of Argand gas burners vary 8} per cent, in a range of 22^ F. 
(J. MethTcn.) 

A comparison between different candles showed a maximum yaria- 
tion of 22*7 per cent., and in one case the average of 10 experiments 
gave a difference of as much as 16 per cent. (Report of Committee 
on Photometrical Standards, 1881.) 

Candles which have been kept about 8 years show a reading about 
8 per cent, higher than new candles will do. 

Professor I^wes considers the candles of the present day emit less 
light than those in use at the time the Act was passed prescribing 
the standard. 

At 50° F. the light from 120 grains of sperm equals 1*198 candles 
or + 20 per cent. 

At 72® F. the light from 120 grains ol sperm equals 1*041 candles 
or + 4 per cent. 

Flames of candles vary 13 per cent, in a range of 22® F. 

The gas in the photometer is to be light^ at least 15 minutes 
before the testings begin, and is to be kept continuously burning 
from the beginning to the end of the tests. The candles are to be 
lighted at least 10 minutes before beginning each testing, so as to 
arrive at their normal rate of burning, which is shown when the 
wick is slightly bent and the tip glowing. 

To correct for any difference in the rate of burning of the candles— « 

average illuminating power x 600 
actual time taken to burn 120 grains. 
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Time taken to consume 10 grains. 
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To obtain the Correction for the Irregular Burning of the 

Candles by the Diagram. 

Find by the sloping cross lines, the actual candle power, and 
immediately above the figure corresponding to the number of grains 
burnt in 10 minutes, or below the figure corresponding to the time 
taken to consume 40 grains, proceed horizontally, and note the figure 
above " 40 ; " this will give the candle-power corrected for the quantity 
of grains consumed. 

The service into the photometer room from the main ought to be 
of small diameter, and also be of lead lined with tin or a pure tin 
pipe laid inside an iron one to protect it. The reason for this is that 
a smooth polished surface does not present any hold for napthalene 
to attach itself to, and it can be readily washed out with hot water. 

A very important matter in relation to the supply of gas to a 
photometer is that the gas should come direct from the main and uot 
through any meter before it gets to the photometer. 

An Argand burner is the only one which can be relied upon to 
maintain a steady, vertical light in a photometer, and to give fair 
comparative results should the quality of the gas vary a candle or so 
up and down. 

Equal areas of the flames of gases, with illuminating power from 
12 to 60 candles, have equal illuminating powers. 

To correct for any difference in the rate of burning of the gas — 

average illuminating power X 5 
actual rate of burning. 
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Diagram to find Corrected Candle-power of Gas aoeording to 

Quantity burnt per honr. 

To Use the Diagram. — Find the vertical line corresponding to the 
quantity of gas consumed in ten' minutes, and the sloping curved line 
corresponding to the candle-power corrected from the point where 
these cross, proceed horizontally to the centre line, when the figures 
thereon will show the actual candle power corrected for the quantity 
of gas consumed. 

Boyle'B or Mariotte'e Law. 

The volume of a given mass of any gas varies Inversely as. the 
pressure, thus — 

1 volume gas at 4 pressures = 

2 J) jj » 2 „ = 
4 



>> ?? JJ ■»■ JJ 



therefore if a volume of gas is measured at any barometrical pressure 
the volume at 30 inches is 

30 : observed pressure : : volume of gas : required volume. 

The corrected volume of gas + water vapour for both temperature 
and pressure equals 

observed volume X (observed pressure - tension of aqueous vapour 
at observed temperature x 17'64: 

observed temperature + 460. 

Gas expands ^ of its own volume for every 1° C. 
„ „ jis „ „ „ 1° F. (Charles's Law.) 

therefore, to correct any volume of gas measured at any temperature 
(F.) the volume at 60° F. equals 

(observed temperature) - 32 -f 492) : (60° -- 32 + 492) = 520 : : 

volume : required volume. 
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To Use the Diagram. — Find the horizontal line corresponding to 
the barometrical pressure, and the vertical line corresponding to the 
temperature of the room ; at the point where these two lines cross 
note the tabular number by the diagonal curved lines. 



Height of Barometer. 




Height of Barometer. 



TABUUR KtUBERa. 



,. I 



■"°? 



Too 



tabular number. 

The " Loadon " Argaiid can be used for any quality of gas up to 
18 cftodlas ; and from 18 up to 25 candles the new Preston 18-candle 
standard " London " Argand may be used. 

The new proposal of tbe Standards of Light Committee is, that the 
rate ot consumption of the gas shall be set U) give a light equal to 
16 cnndles, and the candle-power colcidatcd from the time taken to 
ccinsume jth cubic foot (two revolutions of the tc3t-met«r dram). 



^ 
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Tabnlar Numbers. 

lOOO 



zxoo 




900 



950 



IOCX> 

Tabular Numbers. 



1050 
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To obtain the Correotion for the Tabular Number by the Diagram. 

Note the tabular number, proceed up the line immediately above 
these figures until it cuts the sloping line corresponding to the candle- 
power found by the photometer, proceed horizontally, and note the 
figure above the 1,000 ; this will be the actual candle-power of the 
gas at 60° temperature and 30-inch barometrical pressure. 

Mr. Vernon Harconrt's 1-Candle Pentane Unit. 

The gas used for this standard is made by bringing together in a 
gasholder, air and the highly volatile liquid pentane, in the prO' 
portion of one cubic foot of air and three cubic inches of pentane. 
The pentane to be used is a mixture of pentane with some paraffins 
of lower and higher boiling-points, and is prepared by distilling the 
light petroleum at 60° C, at 55° C, and twice at 50° C. The pentane 
thus prepared must satisfy the following tests : On agitation with ^th 
of its bulk of fuming sulphuric acid for five minutes it must impart 
to the acid only a faint brown colour ; its liquid density must be 
between '62 and '63 at 62° F. ; the liquid must evaporate absolutely 
without residue at the ordinary temperature when the tension of its 
vapour is not less than 7*6 inches of mercury; the density of the 
vapour compared with air must not be less than 2*47, nor greater than 
2-63. 

The standard 1 -candle pentane unit burner consists of a brass tube 
4 inches in length and 1 inch in diameter, which the gas enters 
towards the bottom. The upper end of the tube is closed by a brass 
plug i inch in thickness, in the middle of which is a round hole 
\ inch in diameter. Around the burner is placed a glass cylinder, 
6 inches by 2 inches, the top of which is level with that of the 
burner, air entering through the galleiy on which the chimney 
stands. Above the burner is supported, at a height of 63*5 
millimetres, a piece of platinum wire about 0*6 millimetres in 
diameter, and from 2 to 3 inches in length. The air gas passes 
through a small meter delivering at each revolution ^th of a cubic foot, 
and then through a small governor fitted to regulate the flow to 0*5 
cubic foot an hour. The height of the flame is adjusted by means of 
a delicate stop-cock until the top of the flame appears to touch, but 
not to pass, the horizontal platinum wire which is adjusted so as to 
be exactly over the flame and to extend not less than half inch beyond 
it. 

A Sugg 16- candle Standard Burner gives only about 0*6 per cent, 
of the full mechanical equivalent, while a Welsbach incandescent 
burner only gives 1*4 per cent., while electricity only employs about 
the same per cent, of the original heat energy of the coal used for 
generating. (Dr. H. Morton.) 

The burner used for Dibdin's 10-candle pentane standard is a 
modification of Sugg's standard " London " Argand burner. 

The height of the screen in the 10-candle pentane standard should 
be 2*15 inches above the steatite. 

a.K. B B 
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H«nr Ton Hotetr-Alteneck'i Standard of light. 

The nnit of light should be a free burning flame, in still pure 
air, sopplied bj a section ci solid wick and fed with amyl-aoetate ; 
the wi<^-tnbe to be circular and of German silver, measuring 8 
millimetres internal diameter, 83 millimetres external diameter, 25 
millimetres high. 

Flames to l^ 40 millimetres high, measured from the edge of the 
wick-tube at least 10 minutes after lighting the lamp. 

A yariation of 0*02 is allowed in the light measurement. ' 

The German standard candle with a 45 millimetre flame 



Hefner unit 

English standard candle 
Hefner unit 



= 114. 



The amyl-acetate lamp, devised by Herr Hefner- Alteneck, is 
practically a spirit lamp burning the vapour of amyl-aoetate. The 
wick is contained in a round tube of German silver, 8 millimetres in 
diameter and 25 millimetres high. It is formed of a strand of cotton 
yams, and is so regulated as to produce a flame 40 millimetres in 
height. It is supposed to give a light equal to one candle, but 
Mr. Dibdin found that the height must he increased to 51 milli- 
metres to equal the light of one candle by the Methven standard. 

The Carcol (French photometiical standard) is now proved to be 
10 candles (English standard) as against the hithertx) variously 
estimated 9*2, or 9*6, or 9*8 candles. {Journal of Gas Lighting ^ 
July 11th, 1893.) 

Messrs. Kirkham and Sugg found the carcel to equal 9*6 candles. 

Table Showing the lUnminating Power of IMfTerent Oases after 
Carburetting with Chuiolene in the same Carhnrettor. 

(J. Methven.) 

Quality of Qli^l^ty of 

Gfus t)efore Gas after 

Carburettiiig. Carburetting. 

10-1 .... 73*98 average of 2 tests. 

71*18 „ 2 „ 



10-0 
160 
22*0 
27*5 



70*05 „ 3 „ 

67*77 ., 2 „ 



70*09 „ 2 „ 

It will be noticed that the resulting quality of the gas is about 
equal in each case. 

Mr. Vernon Harconrt's 1-oandle pentane nnit burner consists of a 
brass tube 4 inches in length and 1 inch in diameter, the upper end 
of which is closed by a brass plug \ inch in thickness, in the middle 
of which is a round hole \ inch in diameter. A glass cylinder 6 inches 
long X 2 inches in diameter is placed with the top level with that of 
the burner, air entering at the bottom. A piece of platinum wire, 
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about 0*6 millimetres diameter, is fixed at 63*5 millimetres above the 
burner. The air gas is delivercKl at the rate of about half a cubic foot 
per hour, and the flame is adjusted so that the tip just touches the 
platinum wire. The gas is a mixture of 1 cubic foot of air and 3 cubic 
inches of pentane. The pentane used is mixed with a distillation of 
the lighter petroleums at 60° C, at 65° C, and twice at 50° C, and must 
pass the following tests : It must be of '62 to '63 liquid density at 62° F., 
and when agitata with 5 per cent, by volume of fuming sulphuric acid 
for 5 minutes, must only turn the acid a faint brown colour. It must 
entirely evaporate at ordinary temperatures when its vapour tension 
is above 7*5 inches of mercury. Its vapour density must be between 
2*47 and 2*53. In regulating the height of the flame the eye should 
be screened from the luminous portion of the flame. 

As long as the bottom of the carburettor is covered by the pentane 
it does not matter what depth of the liquid is present. 

With the 10-candle standard the light is constant between 42° and 
73° F. 

Pentane, 1 volume, air 576 volumes, measured at 60° F. ; or as 
gases, 20 volumes of air to 7 of pentane gas. 

Pentane is a product of the distillation of petroleum spirit, having 
a specific gravity of '630 and can be made always exactly alike ; a 
certain quantity of pentane will be taken up by atmospheric air if 
allowed to pass over its surface. 

The pentane employed to produce the air gas used in Mr. Harcourt's 
1-candle standard and in the carburettor of the 10-candle pentane 
Argand was obtained by purifying light petroleum by the successive 
action of sulphuric acid and soda solution, and then distilling at 60° C, 
at 55° 0., and twice at 50° 0. 

Dibdin*B Pentane Argand Burner DimensionB. 

Number of holes .... 
Diameter „ . . . 

Inside diameter of steatite 
Outside „ „ 

Diameter of inside of metal cone 

at top 

Chimney length 
Chimney, inside diameter 
Height of cut-off 

The centre of the flame should be immediately over the terminal of 
the photometer bar. 

Dibdin'fl 10-Gandle Pentane Argand Air Gas Standard. 

The burner is a specially constructed tri-current Argand burner, 
the annular steatite ring being perforated with 42 holes, each hole 
being 0*71 millimetre in diameter. The inner perforated cone is 
punctured with ten apertures 0*25 inch in diameter. The dimensions 
of the chimney being 6 inches high and 1^ inches inside, the top of 
thi8 flame should be maintained as nearly as possible at three inohes 

BB2 
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aboTe the steatite. The middle portion of the screen is cut away bo 
as to leave, above the top of the steatite burner, an opening 
2*15 millimetres in height and 1*4 inches in width, the lower portion 
of this opening being exactly level with the top of the steatite. 

The carburettor for the 10-candle pentane Argand consists of a 
circular vessel constructed of tinned plate 203'2 millimetres (8 inches) 
in diameter and 50*8 millimetres (2 inches) in depth, having a spiral 
division 25'4 millimetres (1 inch) in width. This division is made by 
soldering in a spiral strip of metal 4 feet 6 inches in length and 

2 inches wide, gas-tight to the under side of the top of the 
carburettor, so that when the top is fixed on, the bottom of the strip 
comes close to the bottom of the vessel and is sealed by the pentane, 
so that the air has to pass over pentane for a distance of about 
4 feet 6 inches, and becomes thoroughly saturated. At the end of the 
spiral division, near the side of the carburettor, a bird fountain is 
fixed for charging the carburettor and keeping it charged at a 
constant level with liquid pentane. The lower end of the inlet 
fountain is closed, and rests upon the bottom of the tank. Through 
the side of the tube, which is 0*4 inch (10*1 millimetres) in 
diameter, 16 holes, 1 millimetre in diameter, are bored, close to the 
bottom, and through these the pentane enters the carburettor. At 
one side of the inlet-tube, 1 inch from the lower end, a small tube 

3 millimetres in diameter and 20 millimetres in length is connected 
thereto and turned upwards. The fountain inlet-tube is carried up 
through the top of the carburettor, and continued in the form of a 
bulb having a capacity of about 200 cubic centimetres. 

When the carburettor is being charged the gas must be ex- 
tinguished, to avoid the risk of the vapour firing and causing an 
explosion. 

To Test Lime for its Purifying Vsliie. — Take a small quantity of 
lime, weigh and add sufficient water to slake ; dry and re-weigh, 
when increased weight shows quantity of water required to convert 
the caustic to hydrate ; then, as 56 parts caustic lime will absorb 18 
parts water, the percentage of the former can easily be ascertained. 

To test if lime has been thoroughly burnt, add dilute hydrochloric 
add, when no great effervescence should be given off. 

To Find the Quantity of CO2 or H2S that a Sample of lime will 

absorb— 

per cent, pure lime , . , . • . - ^^^ 

5 X r^ = number of cubic feet of COa 

or HaS absorbable. 

1 lb. pure FeaOs will unite with 0*603 lb. or 6*7 cubic feet HaS. 
Water will take up ^th of its weight of lime, and is then saturated. 
When limestone is burnt the COa is expelled as per equation — 

CaCOs = CaO -f- COa. 

One part pure CaOH,0 will unite with -594 parts CO. or '460 H,S 
or 1 lb. pure lime will unite with 5 cubic feet of either CO, or H,S. 

To Test Caastio lime.— Take a sample of known weight and 
thoroughly slake it, dry in an air bath at 250«* F., and weigh ; the 
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increase of weight will indicate the quantity of water taken up in 
rendering the caustic lime into hydrate. Nine parts of water will be 
absorbed for every 28*5 grains caustic lime, then 

28*5 X difference in weight .. , ,. ,. 
5 = quantity of caustic lime. 

If, however, any of the lime has absorbed moisture from the air, this 
will not show it. 

Hydrated peroxide of iron equals Fe208, 3 H2O, which unites with 
3 HaS to form 2 FeS + 6 HgO + S, and on revivification 2 FeS + 
3 HaO + 30 equals FcgOs, 3 HjO + 2S. Sulphate of iron equals FeO, 
SOs, which unites with HaS and NHg to form FeS + NH4O, SOs- 

Lime equals CaO, which unites with the equivalent of H2O to form 
CaOHaO, equals hydrate of lime, which combines with CO2 to form 
CaOCOa + H^O, or with HaS to form CaS + 2HaO. 

When lime which has taken up HaS and become CaS + H2O is 
presented to CO2 it becomes CaOC02 + H2S, the H2S being driven off, 
owing to the greater affinity of CaO for COa. 

Sulphide of lime (CaS) combines with CSa to form CaS, CS2 equals 
sulphocarbonate of lime, which requires a longer contact for 
combination than is necessary with HaS or COa. 

Hydrochloric acid will dissolve hydrated ferric oxide, but has little 
effect on anhydrous ferric oxide. 

To Test Spent Oxide of Iron, Lime, or Weldon Mad for Sulphnr. — 
Dry the sample at 212° F. until a constant weight is obtained, then 
place in a test tube with a little cotton wool at the bottom, pass a 
quantity of CSa (about three or four times the bulk of the oxide) 
through it, and allow the solution to fall into a flask, evaporate the 
CSa with heat, when the S will remain in the flask and the quantity 
can be easily found. 

Mr. A. J. Bale proposed to so arrange the apparatus for testing 
spent oxide for sulphur that the bisulphide of carbon is evaporated 
and condensed, and then to pass through the oxide to the evaporating 
flask to again go through the cycle until all the sulphur has been 
removed from the oxide, and by this means reduce the quantity of 
bisulphide necessary. 

When testing oxide by the bisulphide method, care should be taken 
that the oxide has been thoroughly revivified. 

Place dilute hydrochloric acid in a wide-mouthed bottle and stand 
in this a small vessel containing the spent oxide, connect to measuring 
tube immersed in water, overturn the oxide into the acid, when the 
quantity of HaS driven off will be found by the displacement of the 
water in the measuring tube. Twenty-five grammes spent oxide is 
the best amount, and, when fresh from the purifier, will evolve about 
250 cubic centimetres of HaS. 

Four days will usually suffice to revivify oxide. 

Temperature of oxide while revivifying, and in presence of ample 
moisture, may reach 140° to 160° F. 

One ton of good oxide should purify 1^ to 1^ millions cubic feet 
before becoming spent. 
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Beokton Piurifying Xethod. 

2 carbonate yesselfl for the elimination of COa 
2 oxide „ ,, „ HaS 

2 sulphide * „ „ „ CSa etc. 

2 weldon mud „ „ „ HaS driyen off from 

sulphide vessels. 

100 YolnmeB Water at 60° F. and 80 Inohei Barometer will 

absorb — 

Volumes. 
Oxygen .... 3'7 

CO 1-56 

N 1-56 

H . . . . . . 1*56 

Light carburetted hydrogen 1 -60 
(Dr. Frankland.) 

One volume HaO at 0° C. dissolves 4*37 volumes HaS. 
HaS unites with an equal weight of NHs. 
22 parts COa unite with 17 parts NH^. 

Quantities of Oases Absorbed by Water at 20° C. at 760 Millimetres 

Pressure. 





Volumes. 


Ammonia . 


. 78,000 


Sulphurous acid 


3,300 


HgO 


253 


COa ... 


100 


defiant gas 


12-5 



Hydrogen . 


1-9 per 


cent. 


of the volume of ^ 


w&i 


N . . . 


1-4 


j» 


»» 


» 





2-9 


»» 


}) 


n 


Methane 


3-6 


»» 


» 


>» 


GO . . . 


2-3 


n 


•> 


»> 


COa 


90-0 


a 


9i 


)) 


Ethylene 


15-0 


1) 


»> 


»» 


Acetylene . . 


95-0 


}) 


»> 


)) 


HaS 


291-0 


j> 


1) 


»> 


NHs . . . 


74,000-0 


»> 


» 


>» 



To Find the Amount of COa ^ ^^^ Liquor. 

Add an excess of barium chloride to a known quantity of gas 
liquor, digest for 30 minutes at a gentle heat, filter, then dry, ignite, 
and weigh the precipitate. Every 98*5 parts of barium carbonate 
contains 22 parts COa. 

To Estimate the Quantity of Free Ammonia in liquor. 

Take a glass measure graduated into 16 parts, fill with liquor and 
empty into a glass beaker, rinse the measure with distilled water and 
add rinsings to liquor in beaker with a few drops of methyl orange 
indicator. Rinse the measure with a little 10 per cent, acid solution 
and throw away rinsings, fill up measure with 10 per cent, acid solu- 
tion (specific gravity, 1,064-4 at 60° F.), and pour acid very gradually 
into beaker until the liquor is neutralized. The number of divisions 
of acid solution used equals ounces strength of liquor. 

To Estimate the Quantity of Ammonia in Liquor. 

Mix a known quantity of the liquor with an excess of caustic lime 
or soda, heat, and lead the evolved fumes of ammonia through a solu- 
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tion of sulphuric acid (10 per cent.) until all the gases of ammonia 
are eyolved, titrate the acid solution with 10 per cent, alkaline solu- 
tion, note quantity of latter necessary to neutralize, deduct from 
quantity of acid solution used, equals strength of ammonia in liquor. 

Ounces strength of ammoniacal liquor is the number of ounces by 
weight of H2SO4 (specific gravity 1,064-40 at 60°) required to neutra- 
lize a gallon of the liquor. 

To convert degrees Twaddell to specific gravity (water equals 1) — 

(Degrees x '005) + 1. 

To convert specific gravity into degrees Twaddell — 

Deduct 1 and divide by -005. 

Every ounce strength of ammoniacal liquor equals '347 ounces of 
absolute ammonia. 

Specific GraTity of 10 per cent. Acid Soliition at Various 
Temperatures. (L. T. Wright.) 



Temperature. 


Specific 
Gravity. 


Temperature. 


Specific 
Gravity. 


Temperature. 


Specific 
Gravity. 


P. 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 


C. 


P. 


C. 


P. 


C. 


4-45 

5-00 

5-56 

6-11 

6-67 

7-23 

7-78 

8-34 

8-89 

9-46 

10-00 

10-56 

11-11 

11-67 


1068-10 
1067-94 
1067-78 
1067-62 
1067-46 
1067-30 
1067-12 
1066-94 
1066-76 
1066-58 
1066-40 
1066-21 
1066-02 
1065-83 


54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 


12-23 
12-78 
13-34 
13-90 
14-45 
15-00 
15-66 
16-11 
16-67 
17-23 
17-78 
18-34 
18-89 
19-45 


1065-64 
1065-45 
1065-24 
1065-03 
1064-82 
1064-61 
1064-40 
106419 
1063-98 
1063-77 
1063-56 
1063-35 
1063-14 
1062-93 


68 
69 
70 
71 

72 
73 
74 
75 
76 
77 
78 
79 
80 
85 


20-00 
20-56 
2111 
21-67 
22-23 
22-78 
23-34 
23-90 
24-45 
25-00 
25-56 
26-12 
26-67 
29-45 


1062-72 
1062-51 
1062-30 
1062-08 
1061-86 
1061-64 
1061-42 
1061-20 
1060-97 
1060-74 
1060-51 
1060-28 
1060-05 
1058-95 



Test for Sulphuretted Hydrogen. 

The gas is dried and passed through U tubes containing cupric 
phosphate on one side and non-alkaline calcium chloride on the 
other, the difterence in weight of the U tube giving the quantity of 
sulphuretted hydrogen in the amount of gas passed. (L. T. Wright.) 

Another Test for Sulphuretted Hydrogen. 

The gas is made to bubble through an acid solution of cadmium 
chloride in two or three Woulffe's bottles, when cadmium sulphide 
is precipitated, which may be washed, filtered and weighed, and the 
quantity of H,S thus obtained. 

Sheard'i Test for Ammonia, H^S and CO, in Gas. 

Four absorption tubes are required and a filter tube containing 
cotton wool to absorb tarry matters when testing crude gas. In the 
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fint tube a certain quantity of half deci-normal strength sulphuric 
acid is placed ; in the second a quantity of cnpric sulphate 1 part 
and water 10 parts (30 cubic centimetres of this should absorb all the 
H.S from 500 cubic centimetres crude gas) ; in the third and fourth 
tnoes, saj, 80 cubic centimetres and 20 cubic centimetres of barium 
bjdrate. The first tube is the test for NH^, the second for H^S, 
and the other two for CO,. Pass, say, 600 cubic centimetres of ^as 
•lowly through the apparatus, and then 1 ,000 cubic centimetres of air to 
ensure that the whole of the gas has passed over the whole of the 
apparatus. Wash out the glass scrubber of each absorption tube 
with a little distilled water. Titrate the contents of the first tube 

with -AQ ammonia HO, using cochineal as an indicator, note the 

quantity required to neutralize, and deduct this from the quantity of 

sulphuric acid placed in the tube X 74 ^grains of ammonia per 

100 cubic feet gas. Titrate the second tube with similar ammonia 

solution, and use methyl orange as indicator x 74 = grains H,3 per 

N 
100 cubic feet gas. (Each cubic centimetre oq ^^ = 74 grains NH, 

per 100 cubic feet of gas. Each cubic centimetre — ammonia re- 
quired to neutralize =: 74 grains H,S per 100 cubic feet gas.) Titrate 
the washings of the third and fourth tubes with — -HCl, deduct the 

N 
quantity required to neutralize from equivalent of -- Ba HO, first 

put in tube X 0*24 = volumes per cent, of COy 

Harooort's Colour Test for H^S. 

Here the gas is passed straight through the acetate of lead solution 
until the correct colour is obtained, when the quantity of gas passed 
contains 0*0025 grains S, and as S exists in H^S in the proportion of 
82 to 2 H by weight, the quantity of H,S can be readily found. 

Haroourt's Colour Test for CS,. 

The gas containing CS, is made to pass over heated platinised 
pumice, when the equivalent amount of H^S is formed and made to 
bubble through a solution of acetate of lead until the latter is turned 
to a brown shade of a certain tint, when the quantity of gas passed 
over the pumice is noted, and to effect this an amount of H^S equal to 
0*0025 grains S must have been in the gas, from which the quantity 
per 100 cubic feet may be ascertained. 7 or 8 grains per 100 cubic 
feet should be added to the quantity found by above test for other 
sulphur compounds not acted upon by above method. 

If the gas is not already freed from H.S it must be passed 
through an oxide purifier before being allowed to get to the 
pumice. 

A diagram to facilitate the calculation of S from the divisions 
of the measuring cylinder commonly used, which latter equal jg^th 
cubic feet is shown. 



HARCOURT 8 COLOUR TB8T, 

DUgram for nie witb HaraaiiTt'i Colour teit. 

Qnlns of S.ilpliiir = m^.j^iga, gf Ueasuring CyUnder. 



Qrains nr Sulphur per 100 Cubic Feet at Qaa. 
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To Test for Presenee of Aeetylene. 

Bring the gas into contact with ammoniacal cnprons chloride 
solution when red acetylide of copper is formed ; aspirate the gas into 
a flask containing the blae cuprous chloride, agitate, and, if acetylene 
is present, the sides are at once coated with the red compound. 

Test for CO^ 

The gas is bubbled through a small orifice under lime water, made 
by mixing slaked lime and water and decanting the clear liquid when 
time has been allowed for the. mixture to settle. If CO, is present in 
the gas the lime water becomes milky. 

Xr. J. T. Sheard's Test for CO,. 

Oharge two absorption tubes with 20 or 30 cubic centimetres each 
deci-normal barium hydrate solution ; pass 500 cubic centimetres of 
gas through, then immediately 500 cubic centimetres air. Wash out 
the absorption tubes, add a few drops phenol-phthalein and titrate 
with deci-normal hydrochloric acid. Deduct quantity of acid re- 
quired to neutralize from equivalent of barium hydrate used equals 
amount of CO, absorbed from 500 cubic centimetres of gas — 

X 0*241 = per cent, by volume 
X 1*92 ^ grains per cubic foot 

0*0022 gramme CO, is equivalent to 1 cubic centimetre of deci- 
normal acid. 

0*914 gramme equals weight of 500 cubic centimetres of CO, 
saturated with moisture. 

28,315 cubic centimetres equals value of 1 cubic foot. 

15,432 grns. equals value of 1 gramme. 

To Detect Oxygen or Air in Goal Gas. — Fill a graduated glass with gas 
and then bring in contact with a solution of pyrogallic acid, made 
alkaline with caustic potash ; when oxygen is absorbed, the rise 
of the acid in the graduated tube showing the quantity of oxygen 
absorbed from the gas, this quantity x 5 equals quantity of air. 

The quantity of oxygen is usually obtained by subtracting the 
weight of all the other constituents from the original weight of the 
substance being analysed. 

To Convert Percentage of CO, and H^S into Cubic Inches per 

Gallon. 

For CO. ^' "^^'- ^ ^"^^ for H,S P^^ ^^^^^ X ^00 
" 0*47 0*364 

Methods of obtaining Specific Gravity of Gases. 

Direct Method. — Weigh a hollow vessel, in an exhausted state, 
then filled with air, and afterwards, when filled with the gas under 
test, weight of air -i- weight of gas equals specific gravity. 
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ASroitatie Method. — A balloon of, say, 1 cubic foot capacity is 
filled with the gas and the balloon weighted until it is just prevented 
rising in the air. Weight of air displaced by balloon - weight of 
balloon when weighted equals weight of gas ; then weight of air dis- 
placed ~ weight of gas equals specific gravity. 

Efltuion Method. — If any gases are expelled at same pressure 
through a small aperture in walls of minute thickness the squares of 
the velocity of expulsion are in inverse ratio to the specific gravity of 
the gases. 

Liquid Balance Method. — If the lower end of a tube of some 
length be immersed in liquid the height of the liquid in the tube will 
vary according to the specific gravity of the gas in the tube. 

Hydrometer Method. — Place a hydrometer, with a hollow glass 
ball, hermetically sealed at top, into a glass cylinder partly filled 
with water, and cover all with a further glass bell and pass gas 
through the latter so that hydrometer ball is surrounded by the gas, 
when the hydrometer will rise and fall according to the specific 
gravity of the gas. 

Lux's Gat Balance Method. — Pass air through the globe and note 
the position of pointer, and move scale to equal 1*00, then pass gas 
through and note the position of pointer, and the figure against 
same at pointer equals specific gravity of gas. The sensitiveness of the 
apparatus can be increased by, or diminished by, raising or lowering 
the centre of gravity of the balance from the centre of motion. 



To Determine the Specific Gravity of a Oas. (Greville Williams.) 

Pass air through one bottle potassium hydrate solution, two bottles 
sulphuric acid, 6 U-tubes of very active soda-lime, and 4 U-tubes of 
calcic chloride, and then through a glass globe with stop-cock at each 
side, and after passinf through the globe through one more tube of 
calcic chloride. The air should be drawn through by an aspirator 
until the weight becomes constant and temperature regular. Shut 
tap of globe on aspirator side and remove rubber connection on that 
side and then close the other tap. Wipe the globe with a silk hand- 
kerchief and hang by platinum vnie to one side of a balance. 
Counterpoise with globe of a little smaller capacity, using weights to 
exactly balance. Note these weights required and call weight of 
balloon and air. 

Pass the gas to be tested slowly through 6 U-tubes of soda-lime to 
remove all trace of 00^, and through 4 tubes of calcic chloride for one 
hour, then through the globe with a further tube of calcic chloride 
on outlet. Shut off the inlet tap and then immediately the outer tap. 
Fix and weigh as before equal to weight of balloon and gas. 

Specific gravity of the gas equals capacity of balloon or globe in 
cubic centimetres multiplied by weight of 1 cubic centimetre air at 
the temperature in °C. of the test, less the difference in weight of the 
balloon divided by the capacity of the balloon multiplied by weight 
of 1 cubic centimetre air. 
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To Obtain the Speeifle OraTity of any Coal. 
Weigh a small piece in and out of distilled water (62° F.) then 

Weight in air .^ .,. 

2 . rzr specific gTaYity. 

loss of weight when weighed in water 

Specific gravity of any substance X 1,000 eqnals weight in onnoes 
(aTOirdupois) per cubic foot. 

To Obtain Valne of Chui in Grains Sperm per Cubic Foot. 

Illuminating power X 120 



To Obtain Value of Coal per Ton in lbs. Spenn« 

Value in grains sperm per cubic foot x cubic feet made per ton 

7,000 



or, 



> 



Cubic feet made per ton 

g X nluminating power X 3 

175 



Average Analysis of Bitnminons Coal. 

Caking. Non-caldiig. 

Specific gravity . . . 1-267 1*279 

C 80-05 77-19 

H 5-92 5-26 

O 8-98 12-01 

N 2-21 1-89 

8 1-13 • -64 

Ash 1-72 3-02 

Determination of the Caldng of Coal. (Louis Campredon.) 

The coal is powdered to pass through a sieve of 2.580 meshes per 
square inch, and a fixed quantity — say 1 gramme— of it is mixed with 
various amounts of uniformly fine sand. Each sample of coal and 
sand is heated to redness in a small porcelain crucible, and the 
character of the residue is observed when cool. From the various 
samples, the maximum quantity of sand which may be added to 
the given weight of coal with the production of a firm cake on 
heating is found. The weight of coal is tr.ken as unity in the scale 
of comparison ; and the caking power of coal which leaves a powdery 
residue is of course nil. The highest result found with any coal was 
17° on this scale ; pitch gave 20°. 

The illuminating power of 146 samples of caking coal varied from 
12*5 to 18-5 candles, and the quantity purified by 1 cwt. lime varied 
from 10,000 to 18,000 cubic feet. 
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Table Showing the Changes Wood Undergoes in Becoming Coal. 

(Roscoe and Schorlemmer.) 





C. 


H. 


O aud N. 


Wood 


50-00 


6-00 


44-00 


Irish peat 


60-02 


5-88 


34-10 


Lignite from Cologne . 


66-96 


5-25 


27-76 


Earthy coal from Dax . . 


74-20 


5-89 


19-90 


Canncl coal from Wigan 


85-81 


5-85 


8-84 


Newcastle Hartley . . . 


88-42 


5-61 


5-97 


Welsh anthracite . 


94-05 


3-38 


2-57 


Graphite 


100-00 


0-00 


0-00 



Average Analysie of Welsh Anthracite. (J. Hornby.) 

Per Cent. 

Fixed carbon 89*84 

Ash 1-20 

Sulphur 0-80 

Moisture 2*25 

Volatile matter 6-01 

Lignite specific gravity equals 1*15 to 1-3. 

Bituminous coal, specific gravity equals 1*25. 

Tests of Coal. 

Dry coal at 100° C, weigh every 2 hours, and note lowest weight to 
obtain amount of moisture. 

To obtain quantity of coke or volatile matter, weigh coal in platinum 
crucible, bum off over powerful Bunsen flame until all gas is driven 
off, allow to cool in dessicator and weigh ; residues coke. Original 
weight - coke ^ gases. 

To estimate quantity of ash, weigh coal in a platinum boat and 
heat it in a glass tube to red heat, air being slowly drawn through 
the glass tube ; cool and weigh boat. 

To find total quantity of sulphur, weigh coal with four times its 
weight of sodium and potassium carbonates mixed in molecalar pro- 
portions in platinum crucible. Heat over Argand spirit lamp, and 
slowly increase to just below visible redness until coal becomes faintly 
grey, then raise heat to a faint red for 40 to 60 minutes ; cooL 

Products of Distillation of 1 Ton Newcastle Coal. (Gesner.) 



Temperature of Distillation, 
1,000' to 1,200" F. 
Gas . . 7,450 cubic feet. 
Tar . . . 18^ gallons. 
Coke . . 1,200 lbs. 

Products of the Tar. 
Benzol . . .3 pints. 
Goal tar naphtha . • 3 gallons. 
Heavy oil and naph- 
thalene . . . 9 



12i 



j> 



n 



Temperature of Distillation, 
750' to 800' P. 
Gas . . 1,400 cubic feeij 
Crude oil . . 68 gallons. 
Coke . . 1,280 lbs. 

Products of the Crude Oil. 
Eupion . . . 2 gallons. 
Lamp oil . . . 22^ 
Heavy oil and 

paraffin . . 24 



»» 



»» 
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Composition of Fuels (Ash being Deducted). (Sir H. Eoscoe.) 



Description of Fuel. 


Percentage Composition. 1 


C. 


H. 


N and 0. 


1. Woody fibre 

2. Peat from the Shannon . . 

3. Lignite from Cologne . . . 

4. Earthy coal from Dax . 

5. Wigan cannel 

6. Newcastle Hartley 

7. Welsh anthracite . . . . 


52-65 
60^02 
66-96 
74-20 
85-81 
88-42 
94-05 


5-25 
5-88 
5-24 
5-89 
5-85 
5-61 
3-38 


42-10 

34-10 

27-76 

19-90 

8-34 

5-97 

2-57 



The above shows the alteration in composition which wood has 
undergone in passing into coal. ' 

Average carbon in average gas coke equals 88 per cent. Average 
carbon in average anthracite equals 90 per cent. 

The in purified coal gas does not result from the distillation of 
the coal, but must have been admitted with the air either inten- 
tionally or accidentally. 

Gas only forms about 15 per cent, of the total products obtained 
from the distillation o{ coal. 

Experiments on small quantities of coal usually give results 7 
per cent, in favour of the coal over working results. 



Sulphur in Coal. (J. Hepworth.) 





Sulphur in Volatile 

Products per Ton 

of Coal. 


Sulphur in Coke 

per Ton of 

Coal. 


Total Quantity of 

Sulphur per Ton 

of Coal. 


'i 


f A 


Lbs. 
4-35 


Percentage. 
•19 


Lbs. 
8-51 


Percentage. 
•38 


Lbs. 
12-86 


Percentage. 
•57 


o . 

o 1 


B 


7-84 


•35 


4-92 


•21 


12-76 


•56 




C 


4-70 


•21 


7-61 


•34 


12-31 


•55 


1 


( D 


18-16 


-81 


15-0 


•67 


33-16 


•48 


i ■ 


E 


9-18 


•41 


6-04 


•27 


15-22 


•68 


c8 


If 


9-04 


•44 


7-76 


•31 


16-80 


•76 



Average sulphur per ton of coal, 13*80 lbs. 

Left in coke 

Removed by purification from volatile products 



6^53 lbs. 

7-27 



Coal 



13-80 



j> 



>» 



Bituminous coals contain sulphur, principally combined with iron^ 
in the form of bisulphide of iron (FeSa) or pyrites which become 
sulphide or protosulphuret of iron (FeS) on the application of heat. 

Coal gas contains about 7 per cent. CO. 

According to the Gas Referee's Reports gas always contains about- 
10 grains sulphur per 100 cubic feet when sent out. 

The whole of the sulphur in coal gas is converted into snlphuc' 
dioxide during combustion. (W. C. Young.) . 



QRalNS OF BARIUMHUI.PHATB 

DUp«m ihoviiiK Qr«in« at Bnlphnr pei 109 Cubio Feet for eaoli 

6niD of Buinin Bolphate (coireoted for lemperatara and Presiore). 
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To Estimate Lbs. of Pnusiaii Blue in Gallons of Cyanogen 

Liquor. 

Filter small quantity of liquor, take 5 cubic centimetres, acidify 
with dilute HCl (1 part HCl, H H2O), precipitate the Prussian blue 
with a slight excess of FcaClg (ferric chloride) solution. 

Collect precipitate on tUter, wash till free from acid, and dry at 
100*^0. 

Wash the dried precipitate with previously dried CS^ (that is CSa 
not in contact with water) and allow to stand until the CS2 has 
drained off or evaporated, and return it to drying oven until quite 
dry ; cool and weigh. 

Weight in gas X 2 = pounds per gallon. 

Per cent, of HCNS 262, NHg 1-87, K4 FeCyg + 3aq S'lO, from 
analysis of twelve samples of spent oxides in Germany. (J. V. Esop.) 

Some of the N in the coal combines with two equivalents of carbon 
to form cyanogen, which unites with sulphide of ammonium to form 
sulphocyanide of ammonium. 

If spent oxide be burned for making HaSO^ the cyanogen com- 
pounds cannot be recovered. 

Spent oxide has been found to contain, with 26 per cent, sulphur, 
12^ per cent. Piiissian blue. 
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EirBicHnro processes. 

Relative €k>it of Enriehment from 16 Candlei to 17*6. 

(Professor Lewes, 1891.) 
By Gannel (Liyesey) i'OOd. = 2-667<f. per candle per 1,000 cubic feet 

»i 
>» 



?? 



11 



Pintsch gas . 


364 


= 2-427 




It 


}} 


Oil gas (Foulis) . 


2-34 


= 1-560 




11 


It 


Maxim-Clark pro- 












cess . . 


1-64 


= 1-093 




•> 


}) 


Carburetted water 












gas . 


101 


= 0-673 




?> 


n 


Tatham Oxy - oil 












proceRS (probable^ 
Tatham Oxy - oil 


0-91 


= 0-607 




11 


11 












process (claimed) 


0-50 


= 0-333 




11 


11 



Peebles process said to give 1,750 candles per gallon. 
Water gas process said to give 1,400 candles per gallon. 
Carbarine, gasoline and benzol said to give 1,600 candles per gallon, 
Pintsch gas, liquid from compression, said to giye 3,000 candles 
per gallon. 

Oai enriohed 1 Candle by 1 Gallon of the Liquid. 

Benzol (chemically pure) .... 13,300 cubic feet. 

Bensol (90 per cent.) 12,500 „ 

Garburine (specific gravity -680) . . . 5,700 „ 
Common petroleum spirit (specific gravity '700) 4,300 „ 

(T. Stenhouse.) 

With 5 per cent, petroleum vapour there is no danger of explosion ; 
with 6*25 per cent, a feeble report ; with 8*30 per cent, a loud 
report ; with 11 to 14 per cent, a violent report ; yrith. 20 per cent, no 
explosion. (Journal of Gas Lighting,') 

70 per cent, by bulk of producer gas lowers the flame temperature 
of water gas 400°. (Walter Clark.) 

The lower the gas in illuminating power the more it costs to 
improve it. 

Mr. Foulis considers undiluted oil gas is better for enrichment and 
more economical than carburetted water gas. 

In distilling shale oil the gas has to be rapidly drawn ofE, or it 
would become permanent. 

Oxygen (up to ^ per cent.) added to pure gas increases the illu-' 
minating power (see Oas Journal^ 1886, " Midland Association "). 
(B. W. Smith.) 

Pormnla to find Proportion of Enriching Gas Bequired. 

Initial candle-power co candle-power desired 

~ Initial candle-power (x> candle-power of enriching gas 

sss percentage required. 

a.B. 
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Formula to And Quantity in Cubic Feet to be added to Initial 

1,000 Cubic Feet. 

1 onn -a. IP^^'ift^ candle-power co candle-power desired 

* * Candle-power of enriching gas co candle-power desired 

£= quantity in cubic feet per 1,000. 

if gallons carburine (specific gravity 68) per 10,000 cubic feet gas 
Required to enrich 1 candle by Clark carburettors. 



hricbing Value of Oil Gas due to Temperature of Distillation* 

(W. Foulis.) 



Coal Gas. 
Illuminating 
Power, cor- 
rected to 5 
Cubic Feet 
per Hour. 


OilOas. 
Illuminating 
Power, cor- 
rected to 5 
Cubic Feet 
per Hour. 


Percentage 

ofOUOas 

added. 


Illuminating 

Power of 

combined Gas 

corrected to 5 

Cubic Feet 

per Hour. 


Enrichment 
Value of Oil 
Gas calcu- 
lated to 6 
Cubic Feet 


Average 
Retort 
Tempera- 
ture. 


20-74 
20-45 
18-51 
16-84 
14-65 


64-05 
60-88 
6211 
61-10 
74-00 


4-20 
4-90 
4-52 
4-38 
4-00 


24-28 
23-69 
21-59 
20-85 
19-77 


105-20 

86-60 

86-60 

108-30 

117-00 


1.100° K. 
1,136° F. 
1,145° F. 
1,070° F. 
1,000° F. 



Gasoline boils at about 40° C. 

Carburine boils at about 67° C. Specific gravity 0-680. 

Benzene boils at about 80-5° C. Specific gravity 0885 at 15° C. 

Russian mineral oil (-908 specific gravity) contains 20*5 grains 
sulphur per gallon. 

Eussian burning mineral oil contains 10*3 grains sulphur per gallon. 

American „ „ „ 16-3 „ „ „ 

American water white mineral oil contains 8-1 grains sulphur per 
gallon. 

American burning safety mineral oil contains 14*0 grains sulphur 
per gallon. 

Scotch mineral oil (for gas making) contains 49*8 grains sulphur 
per gallon. (W. Fox and D. G. Riddick.) 

Petroleum contains about 85 per cent. C, 13 per cent. H, 2 per 
cent. O ; specific gravity -87 ; weight 8*7 lbs. per gallon. 

Petroleum oil contains about 73 per cent. C, 27 per cent. H ; 
specific gravity '71 ; weight 7-10 lbs. per gallon. 

162 cubic feet of 16-candle gas will retain the vapour from 1 gallon 
carburine at 59° F., and 30 inches pressure. (Professor W. Foster.) 

Where cannel is used for enrichment there is seldom much 
napthalene deposited. 

To produce gas from iron and steam, for every 1,000 cubic feet 
hydrogen produced, rather lois than 1 owt. iron would be required. 
(H. Eendrick.3 



BBNZOL AS AN BKRICHBR. 387 

The <* Browne" Proeeii of Kaking, Lighting, and Heating 0as from 

Cmde Petroleum. 

An emulsion of 6 or 6 volumes of crude petroleum is made 
with 95 or 94 volumes of water. This emulsion is pumped slowly 
through a tube about 300 feet long under a pressure of 100 lbs. 
on the square inch. One end of the tube is at the temperature 
of the air, the other is sufficiently hot to bring about chemical 
action between the vaporised contents, and hydrogen and carbon 
monoxide are liberated as permanent gases that are then passed 
through a coke-water scrubber and may afterwards be stored 
in a holder for use. The heat applied to the converting tube increases 
gradually from end to end. The light-giving value of the gas can be 
raised by allowing a greater proportion of petroleum to be added 
when about half-way through the converting tube. 

Mixtures of ethylene and oxygen in insufficient quantity to form 
explosive mixtures possess greater illuminating power than pure 
ethylene, the highest luminosity observed being with 75 per cent, 
ethylene and 25 per cent, oxygen. An increase of oxygen above this 
diminished the illuminating power. 

Wood Gas* 

One retdrt about 21 inches diameter by 9 feet 6 inches long will 
produce 12,000 cubic feet per day. 

One ton of wood wiU produce 8,000 to 11,000 cubic feet>of 9 to 16- 
candle gas. Besiduals, charcoal 4 cwt., tar 1^ cwt. 

Benzene is as 600 to 900 candles per 5 cubic feet vapour, compared 
with napthalene. (Professor V. B. Lewes.) 

Benzene is probably not efficient when the gas requires enriching 
more than 1 to 2 candles. 

Benzene vapour should have an illumiuating power of 700 candles 
per 5 cubic feet, with an enriching value of 3'9. (Professor V. B. 
Lewes.) 

A gallon of benzol has an enrichment value of only 4,500 candles, 
and carburine is only one-fourth as efEective. (Mr. W. Young, of 
Peebles.) 

One gallon of benzol will enrich from 12,000 to 15,000 cubic feet, 
adding 1 candle-power to it. The cost to enrich 1,000 cubic feet to 
the extent of 1 candle-power with benzol is from ^d, to Id. 

Four to 5 candles can be added to gas with 600 to 700 grammes 
benzol, and would be stable at 32° F. At 77° F. gas will hold four 
times the quantity of benzol which it will at 30° F. (Dr. Schilling.) 

Temperature required to vaporise benzol ^ -|- 212° F. 

It is unnecessary to heat benzol when using it as an enricher, 
except in very cold weather. 

The molecular structure of the benzol molecule is such that, of all the 
liquid hydrocarbons known, it is the one which may be expected to 
break upmost readily into that wonderful acetylene, which, according 
to some authorities, puts everything into the shade as a light pro* 
ducer. (T. Stenhouse.) 

Vapour tension of benzene (90^ benzol) at 59° F. equals 58*9 milli- 
metres. 

002 
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1,000 parts of water diflsolve 1*45 parts of beniene^ 0*67 parts of 
toluene, and 0*12 part of xylene. 

Benzene can be obtainea by keeping acetylene for a long time jnst 
below a red heat. (Professor Mills.) 

From Manchester gas 3*7 to 4*25 gallons of liquid per 10,000 cubic 
feet were dissoWed oat, containing 80 per cent, hydrocarbons of the 
benzene series (1884), with an enrichment value of 4,600 candles per 
gallon. (G. E. Davis.) 

At least three times the amount of petroleum spirit is required to 
repair the loss of a certain quantity of benzene, and there is also a 
great difficulty in getting the required amount into the gas without 
condensation. (Wilfred Irwin.) 

One cubic foot gas will permanently retain alone 60 grains benzol 
vapour at a temperature of 32^ F. (T. Stenhouse.) 

Average Speoifle Gravities of Commereial Beniols. 

90 per cent, benzol 0*880 to 0*883 

60 „ „ 0*876 to 0*877 

„ „ 0*870 to 0-872 

Solvent Naphtha 90 per cent, at 160° 0. . 0*874 to 0*880 
„ „ „ . 170O 0. . 0*890 to 0*910 

Heavy naphtha 0*920 to 0*945 

Pure benzene 0*883 to 0*885 

Toluene 0*870 to 0*871 

Xylene 0*867 to 0*869 

One candle enrichment per gallon with benzol. 

G. Hunt gives .... 9600 cubic feet. 
Schilling „ .... 16600 „ „ 

J. F. Bell „ . . . . 20000 „ „ 

Dr. H. Bunte „ .... 24600 „ „ 

One cubic foot benzol equals 40 candles (L. T. Wright). 

„ „ „ 147 „ (Professor Falkland). 

„ ,, ,,184 „ (Knublauch). 

The higher the percentage of methane the greater the power of 
absorbing benzol. 

Benzene freezes at 32° F.,»and boils at 177° F. ; specific gravity at 

60° F. 0*8833. 

Each grain absorbed per cubic foot of common gas increases 
illuminating power 10 per cent. (Letheby.) 

Enrichment per Gallon per 10,000 Cnbie Foot with Beniene. 

Candles 
Enrichmentb 

Bunte gives 3*6 

Frankland „ 2*9 

Hunt j> • • • . . 0*9 

Knublauch „ 3*7 

Stenhouse „ 1*3 

L. T.Wright „ 0*8 

W. Irwin „ with flat flame burner 2*7 

„ » M Argand „ . . 0*6 
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To enricb with benzol, the coal gas is made to pass over the surface 
of cold benzol, and the vapoar rising from this is taken up and com- 
bines with the gas at once, the quantity absorbed being regulated by 
the area of benzol surface exposed and the rate at which the gas passes 
through the benzoliser. 

Gas enriched to 17 or 18 candles with benzene would be far better 
appreciated by the average consumer than 20-candle gas owing its 
illuminating power largely to olefines. 

Benzol will separate when the gas is exposed to great cold. (Dr. 
Buel.) 

Commercial benzol if used for enrichment may contain sufficient 
sulphur to cause an increase of 10 grains S per 100 cubic feet of gas 
per 1 candle of enrichment. 

Ninety per cent, benzol contains 25 per cent, toluol, therefore it is 
best to use the purest benzol for enriching, as the evaporation is not 
so rapid with toluol, nor the enriching value so great. 

The higher the boiling-point of the paraffin series of hydrocarbons 
the greater is their enriching value. (Wilfrid Irwin.) 

yndle for carburetting feebly illuminating coal gas about 8*8 
grains of benzol or toluol, or 31*7 grains of pentane or hexane per 
candle per hour are required, with hydrogen double the quantity 
is required, and with carbonic oxide treble is required. (Dr. H. 
Bunte.) 

Oandle Cabic 

Enrich- Feet of 

ment. Gas. 

1 gallon pure benzol =: 1 per 13,300 

1 „ commercial benzol =i » 12,500 

1 „ carburine ('689 specific gravity) . . . = 1 „ 5,700 

1 „ common petroleum spirit(-700 specific gravity)=l „ 4,300 

(T. Stenhouse.) 

Gas will carry 3 per cent, benzol at 32° F. (Dr. Bunte.) 

0*0033 granmie per litre per candle enrichment is required with 
toluene. 

0*0034 gramme per litre per candle enrichment is required with 
benzene. 

0*0028 gramme per litre per candle enrichment is required with 
benzene and H. 

0*0115 gramme per litre per candle enrichment is required with 
heptane. 

0*0027 gramme per litre per candle enrichment is required with 
xylene. 

0*0026 gramme per litre per candle enrichment is required with 
napthalene and H. 

0*0020 gramme per litre per candle enrichment is required with 
napthalenct 

0*0064 gramme per litre per candle enrichnieiit is req[uired with 
phenol. (W. Irwin.) 
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Use Syiuui asfhalte washed thoroiig^j with petroteam nsptha to 
vemore all oonstitiieiita aolnble. The od.ofir of the mixture of the 
two bengencB after treatment with the aaphalte TarieB from straw 
ooloar to daik farown aoooidiiig to the quantity of the ooal tar 
benzene present^ and these oolonia can be made to indicate the 
proportion dE each benzene in the mixtare. (JounuU tf the 
ef Chemical ImdrngtrjiS) 



Yalme of Aeetyleae as an IhiTirlmr of Coal 6aa. 
(Professes Y. B. LewesL) 



Oompocittoii of the Mixtare. 


niiunJiiatuig Talne. 


Emichinent 
Value of 

1 Per Gent, in 
Gkmdles. 


GoaIGm. 


Acetylene. 


CkulGw. 


MixtiiieL 


9910 
97-90 
9600 
95-20 
91-00 
89-50 
8500 
83-25 
66-90 
55-50 
16-70 
00-00 


0-90 

2-10 

4-00 

4-80 

9O0 

10-50 

15-00 

16-75 

33-10 

44-50 

83-30 

100-00 


13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 



13-9 
151 
17-3 
18-4 
23-5 
25-3 
33-0 
361 
60-5 
76-7 
175-2 
240-0 


1-00 
1-00 
1-07 
1-12 
1-16 
117 
1-33 
1-36 
1-43 
1-43 
1-94 
2-40 



The theoretical yield of acetylene is 25 lbs. per 60 lbs. of carbide 
approximate — ^more correctly, 26 lbs. to 64 lbs. 

The following data for a 1,000 horse-power engine are based on the 
estimates of D. Adolph Frank, of Gharlottenberg, and are intended 
to show the saving in space obtained. The engine is supposed to be 
ran for 600 honrs, and at 1*54 lb. of coal per horse-power per hour 
would require about 420 tons, which would occupy about as many 
cubic metres. Liquid acetylene at 39 lbs. per horse-power per hour 
would weigh about 108 tons, and occupy about 300 cubic metres, 
while carbide of calcium with 86 per cent, by weight of acetylene, 
need not occupy much more than 150 cubic metres, even after 
allowing for protective apparatus. In the latter cases the space 
occupied at present by the boilers would not be required. 

Acetylene with different proportions of air gives the following 
results : When 1,000 cubic inches of the mixture contain less than 
77 cubic inches of acetylene, it will bum completely, producing 
water and carbon dioxide. When the proportion of acetylene is 
increased so that it forms from 77 to 174 cubic Inches per 1,000 of 
the mixture^ the product consists of water, carbon dioxide, carbon 
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monoxide and hydrogen, and the combustion !b therefore imperfect. 
With larger proportions of acetylene free carbon and nnaltered 
acetylene are left. When anything between 28 and 650 cubic inches 
of acetylene are present in 1,000 of the mixture it will take fire. 
(M. Le Chatelier ) 

Calcium carbide, CaCa -|- HaO = CaHj + CaO. 

1 lb. CaCa makes about 6 cubic feet acetylene (CaHa) of about 
48 candle-power per foot. 

10 volumes water will absorb 11 volumes acetylene gas at ordinary 
temperature and pressure. 

Iron burners are not suitable for use with acetylene gas, as the gas 
destroys the metal and enlarges the holes. 

Gas is eyolved from calcic carbide until a pressure of 1,100 Iba 
per square inch is present. 

87^ lbs. lime to 56^ lbs. C yield 100 lbs. calcium carbide and 
43| lbs. CO. 

100 lbs. carbide yields 40*62 lbs. acetylene and 115*62 lbs. slaked 
lime, or 5*9 cubic feet of acetylene per lb. carbide. 

Calcic carbide has specific gravity 2*262. 

„ „ is liquefied at 32° F. by a pressure of 21 J atmospheres. 

1 lb. liquefied calcic carbide will expand to 14^ cubic feet at 
atmospheric pressure. 

Space required in generator 80 cubic inches per 1 lb. carbide. 

1 volume acetylene + 1^ volumes air is slightly explosive. 

1 „ » + 12 „ „ very 

1m « + 20 .. .. not 



» 



»> 



»> 



»» 



»> 



» 



Acetylene or ethine (CaHa) is colourless, and burns with an 
intensely luminous flame, of the odour of rotten vegetables. Is made 
by the action of HaO upon calcium carbide (CaC,), the latter the 
produce of carbon and calcium burnt in an electrical furnace. 

Acetylene has approximately 15 times the lighting value of 
common gas, but has only two and a half times the heating value. 

Heat from 1 lb. carbide during conversion to C^H, will boil 6 lbs. 
H,0. , 

The Toxicity of Acetylene. — M. Grdhant found it is poisonous if 
inhaled in l.-iige quantities between 40 and 79 per cent. 

The amount of acetylene in Manchester gas never exceeds 0*05 
per cent. 

6-35 cubic feet C»H, gives 1 H.P. 

Specific gravity C^H, = 0*91. 

1 foot CaH, weighs about *0688 lbs. 

CompariBon of Ulumiiiating Value to FroportionB of Acetylene. 

(Professor V. B. Lewes.) 



Analysis of Mixture. 


Acetylene at Top 

of 

Non-luminoas Zone. 


Illuminating Value 

of Flame 
per 5 Cubic Feet 


H. 


Acetylene. 


65*5 

43-5 

00 


34-5 

56-5 

1000 


3-72 

8-42 

14*95 


140 

87-0 

2400 
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FnrifLed Lowe oil gM eonUini :— 

H 

Baturated hydrocarbons, methane, &c. . 
„ carbon, ethylene, &c. . 



CO 


N 



22-6 
Sl-9 
13-4 
29-2 
0-6 
2-3 



100-0 
(Professor Lewes, 1893.) 



Average Compoiition of Water Oae (Kon-lnminoua). 
(Professor Lewes.) 



H 


. 48*31 per cent. 


Methane . 1*05 per cent. 


CO 


. . 35-93 „ 


HaS 


. . 1-20 


COa 


. . 4-25 „ 





. 0-51 „ 


N . 


. . 8-75 „ 








Analysii of Water Gas. 


QLancef), 

Per Gent 
by Volume. 




Hydrogen (H) 


. 49-17 




Methane (CH4) . 


. . 0-31 




Carbon monoxide (CO) . 


. 48-76 




Carbonic acid (CO2) . 


. . 2-71 




Nitrogen (N) . 


• 


. 4-06 



96 eandle-power water gas consists of : — 

Per Cent 
by Volume. 

Hydrogen 34 

Methane 15 

Hydrocarbons absorbable by faming sulphuiic acid . 12-5 

CO 33 

Nitrogen from 0*5 to 5 

Specific gravity equals 0-62 (air 1). (Butterfield.) 



iUialyiis of Carbnretted Water Gas at Outlet of Exhausters. 



CO, . 

CO, 

CnHjn 

CH4 

H 

O . 

V 



4-6 
14-8 
21-2 
30-7 
18-4 
1-0 
9-3 

100-Q 
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Generator of ^ million plant, generally 18 feet high, 10 feet 
diameter, with fire bars 4 feet from bottom, with 4 cleaning doors 
8 feet from bottom, the upper portion coned to an opening about 
2 feet diameter. 

Carburettor same size, but no doors, filled with checker bricks. 

Superheater 24 feet high, 10 feet diameter, also filled with checker 
bricks up to within 4 feet from top. 

Scrubber, 20 feet high, 6 feet diameter, filled with layers of wood 
strips placed checkerwise. 

Condenser, 20 feet high, 6 feet diameter, filled with 2-inch tubes. 

The generator, carburettor, and superheater are usually lined with 
fire-clay blocks 10 inches thick, with space of 2 inches between shells 
and bricks, tightly packed with a non-conductor. The blast inlet to 
the generator is below the fire bars, where the steam is also admitted. 
The blast inlet to the carburettor is at the top, and to the superheater 
at the bottom. 

Superheater usually 6 to 8 feet higher than the carburettor. 

Maximum pressure in shells, ordinary working, 40 inches water. 

Average „ „ „ 80 „ „ 

Pressure at which shells should be gas tight, 3 lbs. per square 
inch. 

Pressure of air blast, 12 to 15 inches of water. 

Pressure of steam, 130 lbs. per square inch. 

Blast mains usually No. 18 Birmingham wire gauge galvanized 
iron ; average blast 14 inches water. 

Blowers usually work 2,000 revolutions per minute. 

Temperature in generator should not be allowed to get below 
1,000° C, and fuel of sufficient depth to convert the COa to CO, 
provided, and the C should be in excess. Best temperature, about 
1,100° 0. 

Superheater must be kept at a temperature just below that required 
to separate the C from the oil vapours. 

Gradually increasing heats in carburettor and superheater best for 
fixing oil gas. Oil injected at from 26 to 30 lbs. per square inch. 

Too low heats give a tarry stain on white paper held to pet cock on 
superheater. 

Too high heats give a deposit of carbon particles on white paper 
held to pet cock on superheater. 

Coke for feeding generators should be of even size and screened, 
giving little ash so that the steam may not pass through the fuel too 
freely. Coke must be fed regularly, say every two hours. 

Superheated steam obtained by use of boilers working at 130 lbs. 
pressure. 

Blast pipes are often made of 16 Birmingham wire gauge, and are all 
connected by small pipes, so that the pressure is in all even when the 
fasiB are not running in every set. 

Two-inch safety tube is fixed just outside blast valve, so that if oil 
is leaking back through blast stop-valves on vessels the pressure 
causes a smoke to issue trom the tube. 

One foreman superintends the work of gas making and clinkering. 

A gang of four men clinker three fires twice during eight-hour shift 
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A safety valve is fixed outside each blast inlet yalve of the same 
bore as the pipe. 

Seal in seal pot, 8 inches. 

Tabes in condenser which comes after the scrubber, 1| inches 
diameter. 

In lighting up, fill up generator with coke and open the stack 
valve, shut generator charging door and turn on blast at generator ; 
when the brickwork of carburettor is red hot turn on blast there until 
superheater is red hot, and then put blast there until all are cherry 
red hot. 

If coke is required in generator before all are hot, shut all blast off 
and close stack valve, and then open charging door. 

In working, shut off blast first from generator, then carburettor, 
and then superheater, shut stack valve, then open oil feeder, and 
next turn on steam to generator and oil pumps. 

When gas making is finished, shut off oil, then steam to generator, 
open stack valve, and then open blast on superheater, carburettor, 
and generator. 

Average fuel required per 1,000 cubic feet gas made, 45 lbs. 

Average oil required per 1,000 cubic feet gas made (distillate from 
Russian crude), 5*46. 

Candle power per gallon oil developed, 9*03. 

Percentage volume CO9 in crude gas, 4 per cent, by volume. 

Illuminating power of gas, 24*68 candles. 

Low heats or excess steam produce increase of COg. 

Half million per day plant can be started in full working order in 
8^ hours. 

Temperature at which C decomposes water vapour to COa and 
2 Hs equals 600° C. 

Temperature at which decomposes water vapour to CO and 
Ha equals 1,000° C. 

When steam superheated, or at, say, 180 lbs. per square inch, is 
passed through fuel at 1,000° C, CO + H2 are formed with about 3 
per cent. COj. 

To avoid explosions when lighting up, fill the generator to the top 
with fuel under slow fire without blast, and when blast is put on do 
not open the generator until it is at a working heat. 

Checker work requires renewing every six months (about) and 
should have superficial area of 16 square feet per 1,000 cubic feet 
made per diem, not including linings. 

By superheating, a considerable increase of illuminating power can 
be obtained with either crude petroleum (naptha) or pure paraffins. 
(Dr. H. Bunte.) 

The quantity of water gas produced from 1 lb. of carbon is about 
61 cubic feet at 600^ F., and to produce this 4,200 heat units are 
absorbed, or about 70 units per cubic foot. 

With carburetted water gas on a commercial scale 1,000 cubic feet 
of 22-candle gas can be produced from 50 lbs. coke and 4 gallons 
oil. 

Mix rich gases with poor ones as e^^rly as possible dwring nuuiii* 
facture. 
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Anitlysif of Heating Oases at — 

Outlet of Outlet of 

Producer Superheater. 

COi . . . . 7-94 . . 1610 

CO 23-21 . . . 010 

O ....— .. 3-80 

N 68-86 . . . 81-00 

Proportions of COa per Xinnte of Bnn. 

Minntes 12 3 4 6 Ayerage. 

CO, . . 0-5 1-7 4-1 6-2 7-9 406 

Peroontago of CO, at End of Eaeh Xinnte of a Fiye Xinntes' Bnn, 
at Ontlet of Generator. (Butterfield.) 

Ist minute := 0*3 per cent. 00, 
2nd „ = 0-6 „ „ 
3rd „ = 1-4 „ „ 
4th „ = 2-6 „ 



6th „ =4-2 „ 



)f 



Ayerage 1-82 

Proportion of CO, increases according to length of run. 

COi in water gas varies from 1^ to 4 per cent. 

Only 3 per cent. CO, should be present in water gas, as it reduces 
the illuminating power of the gas. 

Percentage of CO, in uncarburetted water gas usually 4 to 6 per 
cent. 

CSq in carburetted water gas is about 4 grains. 

CO in crude carburetted water gas at Blackburn equals 28 or 29 
per cent. 

Analysif of Cmde Carbnrotted Water Oai. (Paddon and Goulden.) 
(Class of oil used, a rough distillate from Russian crude.) 



HaSandCOa . . 3-8 

0-5 

N 2-2 



H 21-8 

CH4 80-7 

CnHjN .... 12-9 

CO 28-1 

At Blackburn, the total of five experimental runs with water gas 
(carburetted), 17,560,000 cubic feet gas of 22*77 illuminating power 
was made from 57,992 gallons " solar distillate " *876 specific grayity. 
648,267 lbs. coke was used, and 1,162,000 gallons water. 





Analysis of Water Gas. 






American 


English 




Practice. 


Practice. 


CO, 


• • • • o'o • 


3*87 


CO . 


. • . . • 4d x • . 


. 46*87 


H . . 


. 51-8 


49*66 


N 


» • • t • X*w • t 


07X 
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Carbnretted water gas from ooke should oontaio aboat 3 per cent, 
GOa. 
Carbaietted water gas from coke should contain about 2 per cent. 

Sulphur compounds Yiot exceeding 10 grains per 100 cubic feet. 

Cost of purifying carburetted water gas equals 1'043^. per 1,000 
cubic feet. 

Carburetted water gas making requires only half the labour of coal 
gas, and saves 'lid, per 1,000 cubic feet for purification. 

Water gas can be enriched at the rate of 0*006 gramme per litre 
per candle. 

26-candle carburetted water gas contains 60 per cent, by yolume 
of pure water gas. 

26-candle gas is the most economical to make. 

Enriching value of 20 to 25 candle-power water gas (carburetted) 
equals about 20 per cent, more than its nominal value. (J. Methven.) 

Water gasper te has not any illuminating power. 

Solar distillate has specific gravity about -875 of flashing point 
170° F. 

Solid residue from oil should not exceed 2 per cent, by weight. 

Water required for condensing carburetted water gas equals 90 
gallons per 1,000 cubic feet (A. G. Glasgow, 1892.) 



Approximate Analysis of Oil Gas Tar, from Gondeiuieri. 

(Paddon and Goulden.) 
Special gravity of Tar '996. 





Per Cent, by 


Per Gent. byVolume 
Without Water. 




Volume. 


Water 


76-6 




Benzene 


0-28 


1*19 


Toluol 


0-90 


3*83 


Light paraffins, &c. . . . 


2-0 

1 


8*51 


Solvent naptha (zyloete) 


415 ' 


• 17*96 * 


Phenol . .•.♦.. 


' only a trace 


only a trace 


Middle oils (naptha, &c.) 


6-92 


29*44 


Creosote oil and green oil . . 


5-70 


24*26 


Napthalene .... 


0-30 


1*28 per cent by 
weight 


Anthracene cake . . 


0*22 contains 
8*33 per cent, 
anthracene 


0-93 


Coke 


2*30 


9*80 




99*27 


97*20 


liOBS . • . 

• 


• 0*73 


2*80 


100*00 


100*00 
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Oarboretted water gas tar contains about 70 per cent, water as it 
leaves the apparatus. 

Water usea for cooling and scrubbing about 70 gallons per 1,000 
cubic feet gas made, but this quantity is being reduced in modem 
pbmts to alK^ut 40 gallons. 

In America the production of oil gas tar by the Lowe process is 
about 12^ per cent, of the oil used. 

To adequately protect petroleum tanks from lightning, it is neces- 
sary that all openings through which vapour can escape should be 
guarded with wire netting upon the principle of the Davy safety 
£imp. (Professor Neesen.) 

Joints in pipes for petroleum carrying should, preferably, be 
screwed, and when all oil has been removed from the threads, a good 
thick shellac varnish should be applied to the outside and inside 
threads. 

Yellow soap, treacle, honey, glue, mucilage, or glycerine are all 
quite petroleum proof. Canvas saturated with shellac varnish makes 
a good washer and might be used as the strip in riveted joints. 



Analysis of Bel£ut Carbnretted Water Gas. 

COa nil. 

O nil. 

Unsaturated hydrocarbons . . 10-7 per cent. 

CO 31-9 „ 

Saturated hydrocarbons . . . 16*2 „ 

H 33-7 „ 

N 7-5 „ 

100-0 „ 

COa in crude gas 3*5 per cent. 

SHj „ . i» • • • • *2 „ 

In water gas plant, at end of first minute gas should contain 0'3 per 
cent. COs ; at end of second minute gas should contain 0*6 per cent. 
COa ; at end of third minute gas should contain 1*4 per cent. COa ; 
at end of fourth minute gas should contain 2*6 per cent COa » &^ ^^^^ 
of fifth minute gas should contain 4*2 per cent. COa. (Butterfield.) 

Crude water gas from coke (carburetted) will contain about 90 to 
150 grains HaS per 100 cubic feet, and about 3 per cent. CO,, no 
ammonia,- sulphur, compounds not more than 10 grains per 100 cubic 
feet. Purification of water gas from COa ^ twice that of coal gas. 
(Butterfield.) 

If air is forced through jed hot coke, 1 lb. of carbon in burning to 
CO liberates 4,461*4 units of heat; but if burnt to carbon anhydride, 
14,644 unitp. 

If there be sufficient body of carbon for this latter gas to pass 
through, it is decomposed with the absorption of 10,0(K) units of 
heat. 
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One pound C leqniies 1^ lbs. O, and fonns 2} lbs. CO, but air 
would contain for l| lbs. O about 4^ lbs. N. 

If steam is forced through 1 lb. C requires 1^ lbs. steam to form 
CO, and this steam contains 1^ lbs. O and | lb. H. 

One pound H burnt to water, yields 62,600 heat units, this -?- 6 ^ 
10,416 heat units equal to quantity absorbed by the hydrogen ; 
and less 1,723 heat units (the heat already absorbed by the steam) 
equals 8,693 units, of which 4,500 will be supplied by the forming c^ 
CO, leaving 4,200 units to come from the preyiously heated coke. 

In practice more is taken from the coke, as the gases escape hot. 
(Norton H. Humphreys.) 

Steam brought into contact with an excess of carbon at 1,000^ F. 
is decomposed into its component gases H and O, and combines with 
the carbon to form CO + H. 

Equation of water gas production — 

First action . 4 (HjO) + 2 C = 2 COj + 8 H. 
Second action . 2 COa + 8H + 2C = 4CO + 8H. 

(B. H. Thwaite.) 

The O of steam attacks not only the surplus carbon, but also the 
hydrocarbon when mutually decomposing, as in water gas plants, 
bringing about the destruction of a large quantity of illuminating 
matter. (Young.) 

Ordinary producer gas contains about 30 per cent, by Yolume of 
combustible gases, and has a calorific value of about {th that of 16- 
candle gas. 

If producer and water gas were mixed the mixture would consist of 
30-5 H, 60 CO, and 60 N. 

Minimum temperature for formation of pure water gas, 1,800° F. 

To form sufficient heat for the production of 1 yolume water gas 
1*4 volumes producer gas are required. 

Temperature in water gas generator should never be lower than 
1,000° C, and fuel should be of sufficient thickness to ensure as 
complete a conversion of the CO, to CO as possible. 

With hard anthracite coal it is possible to so arrange the tempera- 
ture in the generator that practically no COj is formed, but with 
coke a percentage of the product is almost bound to be produced. 
H2S is also absent when anthracite is used, as it is formed from the 
S in the coke. 

Carburetted water gas plant at Blackburn — 

Coke used per 1,000 cubic feet 30*8 lbs. for generator* 



» » » »» 



» » )i » 



6*1 „ „ boiler. 



36*9 total. 



Oil, candles per gallon . . 6*97 
Oil, specific gravity . . . '878 

Mr. Foulis found that with ordinary water gas apparatus he re* 
quired 30 lbs. to 40 lbs. coke per 1,000 cubic feet of 30-candle gas 
using 6 gallons oil. 
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Uncarburetted water gas has only about half the calorific power 
of coal gas, but when carburetted to about 22 to 23 candles is about 
85 per cent, to 95 per cent, the power. 

Semi water gas contains from 80 to 85 per cent, of the heating 
value of coal, and is the cheapest gas if supplied within a reasonable 
distance from the place of production. (A. Kitson.) 

Water gas from anthracite coal has a calorific value of 290 heat 
units. Water gas from bituminous coal has a calorific value of 
350 heat units. (B. Loomis.) 

Difference in heating value of carburetted water gas and coal gas 
is as 9 to 10. 

Water gas, hydrogen, or mixtures of the two, when carburetted by 
the vapours obtained by decomposing hydrocarbons yield a flame 
which, although it may be of high illuminating value, is far shorter 
and smaller than the flame obtained from ordinary coal gas, and that 
in consequence of this it has to be burnt in larger quantities in order 
to obtain a flame which shall in appearance equal that of coal gas. 
This is due to the coal gas containiug from 36 to 46 per cent, of 
methane, or light carburetted hydrogen, which gives body and length 
to the flame, and which only exists in carburetted water gas or 
hydrogen to the extent of from about 16 to 26 per cent. (Professor 
V. B. Lewes.) 

Carburett^ water gas gives a small flame and lower durability 
than coal gas of equal illumiuating power. 

Coal gas carburetted by petroleum gives larger flame and higher 
durability. 

The enriching value of 33-candle carburetted water gas is from 
6 to 8 per cent, higher, and 47-candle carburetted water gas is 
10 per cent, higher than when tested alone in the photometer. 
(A. Wilson.) 

Messrs. Frankland and Wright, and Dr. J. Louttit found by 
experiments with young rabbits that the effects of carbonic oxide 
were not more poisonous than ordinary coal gas. 

Approximate Cost of Water Gas per 1,000 Cubic Feet at 25 

Candles. 

Oil, 4 gallotuB at 3i<2. . . . . . 12 

45 lbs. coke for generator, and 12 lbs. for steam, ) q oa 
equal to 57 lbs. at 12«. 6^. per ton . . . t * 

Labour OS 

Purification 1 

Wear and tear Of 

1 lOJ 



By the Van Steenbergh process 30 lbs. to 40 lbs. foundry coke are 

required per 1000 cubic feet gas made and carburetted with from 

3 to 3^ gallons naptha. Illuminating power equal to 22 candles ; 

loss of illuminating power by storage in cold weather, 2 candles. 

^OO equal to 15 to 20 per cent. 
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Compoiition and niuminating Power of Gas from Van Stoenbergli 
ProooM, with Ihfferent Fuels and 76° Haptha. (Y. B. Lewes.) 





Foundry 
Coke. 


Gas Coke. 


Anthracite. 


Unpuri- 
fied. 


Purified. 


Unpuri- 
fled. 


Purified. 


H . . . 
Marsh .tj^as . . . 
Illnminaiits . 
CO . 

CO, . . . 
N . . . . 
. . . . 
li,S • . 
lUominating power 
corrected 


33-44 
23-38 
1114 
19-00 
2-24 
9-50 
1-30 
nU 
) 22-4 
j candles 


6-01 
0-35 


39-05 

26-71 
9-27 

13-50 
1-02 
9-72 
0-73 
nil 

22-9 
candles 


216 
trace 


38-44 

19-30 
7-49 

23-81 
0-42 
9-69 
0-85 
nil 

21.8 
candles- 



XanniiEtotiire of Bowson Producer Gas. 

Superheated steam and air are passed through a generator con- 
taining a good body of incandescent fuel (preferably anthracite 
coal, but coke will do), the air supporting combustion ; the steam is 
decomposed, the combining with the C of the fuel, first making 
COa, but on passing through the remainder of the hot fuel is reduced 
to CO, which is necessary to ensure that it has a sufficient affinity for 
to explosively combine with the of the air in the gas engine 
cylinders, while it must be remembered that each molecule of CO2 
makes two of CO. The gases are led through coolers and condensers 
when they are ready for use. 10 lbs. of anthracite yield about 1,000 
cubic feet of gas, but to this must be added 2 lbs. of coke, required for 
the steam boiler. 

With Dowson gas 1 lb. of fuel per I.H.P., or IJ lbs. per break 
horse-power can be attained in a gas engine. 

Dowson gas is about equal to coal gas at Is, 6d, per 1,000 cubic 
feet, as about four or five times the quantity is required, and larger 
engines are necessary. 

One pound steam per 1 lb. Welsh anthracite is usually allowed in 
Dowson gas. The producer must be kept hot, or tarry matters will be 
deposited. 

Dowson water gas has about one fourth or one fifth the explosive 
force of coal gas, but requires for its production^ only 14 lbs. of 
anthracite coal per 1,000 cubic feet. 

Dowson producer gas contains from 45 to 48 per cent. N. 
' Siemens producer gas generally contains 60 to 70 per cent. Ny 
which renders rapid ignition difficult. 
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Heating yalne of Dowson gas, 150 British thermal units per cubic 
foot. Air required for complete combustion of Dowson gas equals 1 to 
1, to 1^ to 1, by volume of the gas. With Dowson gas the products of 
combustion must be expelled. 

In the Dowson producer 1 lb. of steam is required per pound of 
anthracite. 

Dowson gas requires one and a half yolumes of atmospheric air per 
Tolume of the gas for complete combustion. 

The initial pressure in gas engines is more than double that usually 
adopted in steam engines, and this gives the gas engine an advantage. 

A steam engine cannot convert into work more than 30 per cent, of 
the heat energy. A hot-air engine cannot convert into work more 
than 50 per cent, of the heat energy. An internally fired gas engine 
cannot convert into work more than 80 per cent, of the heat energy. 
(Professor Kennedy.) 

Coke for use in Ik)wson producers should be clean (not mixed with 
small coal or yard sweepings) and in pieces about 1 inch to 1^ inches 
cube. 

About 80 cubic feet Dowson gas made from coke are required per 
I. H. P. per hour. 

Gasholder required for Dowson gas for 100 I. H. P. plant is 8 feet 
diameter X 8 feet deep ; contents 400 cubic feet. 

Dowson gas has about one-fourth the explosive force of ordinary 
ooal gas. 

The generator gas contains a large proportion of nitrogen and some 
CO,. 

CO does not ignite as rapidly as H. 

It is necessary to use a higher compression for a charge of generator 
gas than for ordinary town gas, so as to bring the molecules together. 

The volume of exhaust steam and products of combustion in a 
steam power plant is reduced 90 per cent, when gas power is used. 

If coal gas be subjected to sudden and severe refrigeration it will 
part with some of its valuable hydrocarbons, and this to a greater 
extent if the gas be stagnant. 

Nineteen to twenty candle gas, which has been purified by 2^ per 
cent, air, does not lose any appreciable quantity of illuminating 
power during a travel of eight or nine miles through the town mains. 



Fuel Oai. 

Semi-water gas contains from 80 to 85 per cent, of the heating 
value of coal, and is the cheapest gas if supplied within a reasonable 
distance from the place of production. 

The producer consists essentially of a cylindrical shell of boiler- 
plate lined with fire brick. The internal diameter of the brick- 
work is 21 inches and the height from the grate to the top of the 
furnace is 3^ feet. The grate is connected at one side with a steam 
and air injector, and on the other side with a gas supply-pipe. It 
is surrounded by a cast iron ashpit. A small reservoir or boiler la 
placed at one side, connected with which are two coils contained in 
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the brickwork, the lower of which supplies steam and the upper one 
of which superheats it. Air channels are formed in the brickwork, 
arranged spirally, through which air is drawn by the injector and 
heated before mixing with the steam. The grate is provided with 
mechanism giving it a rotary and up-and-down movement to break 
up clinker or caking soft-coal. Five hundred cubic feet of gas per 
hour can be product from 6 lbs. or 7 lbs. of coal. (A. Eatson.) 

Peebles Proeess. 

The retorts used in the Peebles process yield 500 cubic feet of gas 
per hour, and 6i^ cwts. (per ton of oil decomposed) of hard graphite 
coke. 

Heat required for fresh oil in Peebles process retorts equals 1,100 
to 1,200° F. For condensible products, 1,400 F. 

Oil of '850 specific gravity gave 5 cwt. coke per ton at Perth. 

Bnriching value of Peebles oil gas is 50 per cent higher than the 
illuminating power when burnt alone. (S. Glover.) 

Peebles oil gas used as an enricher has prevented the stoppage of 
services with napthalene during the most severe winter. 

One ton of tar from Durh^ coal by the Peebles process yields 
15,000 cubic feet of 25 candle gas, and 15 cwt. coke of good quality. 
(Bell.) 

Dr. Stevenson Macadam stated (1887) that he considered 6,885 lbs. 
of sperm light as the theoretic value of the gas from 1 ton of oil. 

He found mixing oil, gas, and air entaU^ a loss of illuminating 
power ; after making all allowance for the admixture, he advocated the 
use of water gas as a diluent for oil gas. 

To gasify tar permanently about 2,000° F. is required. 

It has been suggested when supply of gas is short to mix about 2 
gallons of tar per charge with the coals, and thus keep up the 
illuminating power. 

Oases passed over Gasolene at 60° F. will completely evaporate it, 
giving air an illuminating power of 60 candles, and poor gas an 
illuminating power of 80 candles. 

No condensation has been found in the syphon boxes in the district 
in Rochdale, when carburine has been used as an enricher. 

It is best when enriching with a cold process to put the enriching 
apparatus on the delivery pipe from the works. 

One Gkillon Carburine (specific gravity 0*680) will raise 8,000 cubic 
feet 1 candle. 

Yield of Oas in Pintsoh System equals 81 to 83 cubic feet per gallon of 
61 candles ; compression to 150 lbs. per square inch, reduces illuminat- 
ing power to 88 candles, and deposits one gallon hydrocarbon per 
1,000 cubic feet. (J. Tomlinson.) 

Cost of fitting gas to railway carriages (Pintsch or Pope systems) 
equals about £5 per lamp, including its proportion of reservoirs, pipes, 
gauges, &c. Cost of working about j^ths of a penny per lamp per 
hour equals about one-half tl^t of oil. MaintenAQoe costs about 2«« 
per lamp per year. 



GOMFRBSSING GOAL GAB. 



403 



Loii in Volnme of Coal Oas when ComproBied. ' (G. E. Botlej.) 
niaminating power of gas 16*50 candles. 



Ftessnro. 


Volume. 


Loss. 1 


Lbs. 

per Square 
Incn. 


Atnio« 
spheres. 


Gas put 

into 
Cylinder. 


Gas 

used per 
Meter. 


Cubic 
Feet 


Per Cent 


46 
76 
106 
136 
1G6 
196 
200 


3 

5 

7 

9 
11 
13 
13i 


610 
850 
1,190 
1,530 
1,870 
2,210 
2,267 


510 
860 
1,205 
1,570 
1,920 
2,330 
2,450 


nil. 
10 
15 
40 
50 
120 
183 


nil. 
116 
1-24 
2-54 
2-60 
615 
7-47 



Hotel on Suction Gkis Prodncers. 

The gases made are said to be. very equal in quality and character. 

The piYKlucer should be stoked every 2 or 3 hours, but can be left 
for 5 or 6 hours if necessary. If closed down for a week they will 
probably be found alight. 

Larger valves are required in the engines than for town^s gas. 

The gas comes off in from 15 to 20 minutes after starting with ail 
cold. 

Magneto ignition is necessary. 



Average Composition of Suction Gas. 



H . 

CO . 

N 

CO.. 



17-6 per cent. 

1-6 
18-6 
54-4 

72 



99-4 



V 

It 



67-41 B.T.U. 

1917 

60-17 






V 



136-75 



» 
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PBODUCrra W0SK8. 

Chimneys In chemical works should be at least 250 feet high. 

The simplest form of sulphate plant is a boiler in which the liquor 
is heated, and from which a pipe to convey the vapoars is carried 
to the salphuric acid in the satnrator where sulphate crystals are 
formed. The addition of lime or caustic soda to the liquor in the 
boiler causes the ammonia, combined with other gases which are in 
the liquid, to pass off as gas, aud consequently be converted into 
sulphate. 

I^sventeen parts pure ammonia combine with 49 parts pure 
sulphuric acid to form 66 parts sulphate of ammonia (2 (NH J SO J. 



Beaetion of Anunoniaeal Idqaor and Sulphnrie Aeid. 

2 NH, + Ht SO^ = 2 (NHJ SO^. 

The volatilization of the ammonia from gas liquor in all modem 
plant is effected by means of continuous working stills, viz., distilling 
a regular stream of liquor as it flows by its own gravity through the 
intricacies of a still heated by direct steam. 



To ealcnlate amount of Sulphate of Ammoniam to he obtained 

firom Liquor. 

Ounce strength X 1*347 x gallons of liquor equals ounces weight 
of sulphate; or, ounce strength X '0841 equals lbs. sulphate per 
gallon. 

2,000 gallons of 8-ounce liquor will jjroduce 16 cwt. sulphate, 
requiring also 13^ cwt. of sulphuric acid, or, say, 1 ton sulphate per 
100 tons of coal in small works. 

One per cent. N in coal equals 105 lbs. ammonium sulphate (pure). 
(Butterfield.) 

Coal may be said to contain IJ per cent. N equal to 140 lbs. 
sulphate of ammonia per ton ; it is not usual to obtain more than 
27 or 28 lbs. sulphate. 

In sulphate plant it is necessary that the condensers and purifiers 
be of ample capacity. 

Mr. CroU proposed to make sulphate of ammonia by passing the 
products of combustion from a coke furnace through a " coffey " still 
containing ammoniacal liquor, and then precipitating the sulphate in 
the usual saturator. He thus obtained an increase of sulphate per 
gallon of acid, and greatly lessened the quantity of HaS given ofE. 

Of the 1*7 per cent, of N in the coal, only about '25 per cent, 
appears as ammonia after carbonization. Some coals contain as muck 
as 2 per cent. N. If all the N were converted into NHj, sulphate would 
equal 215 lbs. per ton of coal. About 50 per cent, of the K remainl 
in the coke. About *027 per cent, of the N in the coal forms in the 
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purifiers caldnm cyamde and caldom cyanate. If steam, water gas 
or hydrogen were passed through heated ooke, a large proportion of 
the N coald be removed, and afterwards conyerted, and with that 
already evolyed with the gas a make of about 1 cwt. of sulphate per 
ton could be obtained. 

One ton sulphate equals about 5 cwt. KH.^ 

One ton 10-ounce liquor equals about 51 lbs. NHs equals 2 J percent. 

One ton sulphate equals 11 tons 10-ounce liquor. 

One ton coal produces 35 to 40 gallons 10-ounce liquor equal to 30 
to 35 lbs. sulphate. 

7,000 gallons liquor require— 

Yield as Compued 
with Theory. 
Hoars. Per Gent. 
When heated by open fire from without . 22 . 90*0 

When heated by a steam coil (indirect steam) .18 . 92*0 
When open steam is blown in . . 14 . 98*6 

(Dr. Lunge.) 

The liquor in the saturator should be kept about 54° Twaddell. 

Efficient sulphate plant requires about 8 cwt. fuel per ton sulphate 
made. 

Temperature in sulphate well equals 75°, after passing jet elevator 
116°. 

In the economiser 180°. (S. EUery.) 

The waste gases from the saturator have usually a temperature of 
186° F., and by utilizing these the liquor can be raised to about 
113° F. 

According to the reports of the Chief Inspector under the Alkali 
Works Regulation Act, the make of sulphate of ammonia was — 

For 1894. Tons. 

In Gasworks 110,748 

„ Ironworks . 11,000 

„ Shaleworks 23,105 

„ Coke and Carbonizing Works . . 4,978 

^^-^"^'■" 

Totals . 149,826 

To manufacture sulphuric acid, bum S, and pass with peroxide of 
nitrogen, air and steam, in r^ulated quantities to a large chamber, 
where HaSO^ condenses, and is of sufficient strength for the manu- 
facture of sulphate (equation 2 SOj + NO4 + 2 HaO = 2 HaSO^ + 
NOa). 

Sulphate of ammonia contains 20 per cent, of nitrogen, and nitrate 
of soda only 15 per cent. Three-quarters of a ton of sulphate has in 
it as much food for a crop as a ton of nitrate. Of course it is true 
that the nitrogen in the nitrate is accepted as being more efl^ective 
than the nitrogen in the sulphate, but the outside difference in 
manurial power is certainly not more than 10 per cent. 
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When it is also lemembered that the more oonoentrated natate ol 
sulphate meazu a flaying of 25 per cent, on the carriage, and that it 
can often be bonght at still lower rates from local gaisworks, it is 
clear that for any other than yery light sandy soilSi sulphate rather 
than nitrate should be bought at present. 

Professor Somenrille states that sulphate of ammonia and nitrate 
of soda are nearly of equal yalue per unit of nitrogen as manures, 
therefore 86 lbs. sulphate equals 112 lbs. nitrate. 

Sulphate of ammonia has proyed itself a betternitrogenous manure 
for mangolds than nitrate of soda. 

One-eighth cwt. sulphate of ammonia per acre on hay land is the 
best, dressing ; or } cwt. sulphate equals 1 cwt. nitrate of soda. 

Preliminary nimfication of sulphate of ammonia is not necessary 
when using the latter as a manure. 

From Ck^ Tar are obtained by distillation the following yaluable 
bodies : benzene, toluene, naptha, carbolic acid, creosote, anthracene, 
napthaleuQ, and a residue of piteh. The benzene and toluene yield 
amline whence the dyes magente and methyl yiolet are obtained ; the 
phenol and creosote form the basis of yaluable antiseptic and dis- 
infectant preparations, and the first-named is also the source of the 
dye aurine ; naptha is yaluable chiefly as a rubber solyent ; naptha- 
lene yields napthyliunine, abeta-napthol, yermillene, scarlet, and 
napthol yellow ; anthracene giyes on treatment alisarin, from which a 
ffreat number of beautiful dyes are prepared. By itself, also, coal tar 
has many applications, as, for instance, for making gas as fuel, and 
as a preseryatiye for building materials. Then should be mentioned 
the legion of coal tar deriyatiyes : antipyrin, antifebrin, analgen, 
ezalgine^ salol, saccharin, and salicylic acid. (Laneet,") 

Coxistitnents of Coal Tar. 
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Weight 
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Proportionate Weight 
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Calorliio Value. 


G. 


H. 


G. 
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Units. 


Units. 


First runnings 


C5H10 


8 


•026714 


•004286 


200 


148 


Light oil . . 


CeHj^ 


7 


•061091 


•008910 


474 


307 


Middle oils . 


CiaHao 


27 


•237073 


•082927 


1,842 


1,145 


Heayy oils . . 


Ci^Hie 


7 


•063913 


•006087 


497 


210 


Piteh (56 per 
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17-5 


•166836 


•008663 
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27-5 


•275000 


— 


2,137 
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•829127 


•060873 
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0-89 
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ven was : First Tannings, 17 ; light 
15 ; and pitch oils, 4. 
ely : Up to 110° C. ; 110° to 210° C. ; 
and upwards ; and 360° C. and 

il equals 1 cwt. equal to 10 gallons, 
ion volatilized is principally NHs 
hydrocarbons, then ammoniacai 
a oil, or naptha, or " light " oil, of 
tained in the tar. At a higher 
^ht oils come over, and then an 
Q "), next a greenish yellow fluid 
The contents of the retort consist 



r, (Profeasor Wanklyn.) 



Ivreosote oils . 
Anthracene oils . . . 
Pitch .... 


Per 
Gent. 
220 

40 
67-0 


m). (Professor Lewes.) 




S 




Per 

Cent 

0-61 

14*50 


)al at Different Temperatures. 


'right.) 





Pitch. 



Per Cent. 
29-89 



64-08 



Light 
Naptha. 



Per Cent. 
9 

3 
1 



nalysis of Tar. 

London. 
Ammoniacai water .... 4*7 per cent. 

Total light oils 2*4 

Carbolic and creosote oils . . . 20*3 
Anthracene oils ..... 13*0 
Pitch (grams per 100 cubic centimetres, 59*6 






)) 



Country. 
4 per cent. 

3 „ 
22 „ 

4 « 
67 „ 
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Average Percentage of Products from Ordinary Tar. 

Ammoniacal liquor, gases and loss . . 9'2 per cent. 

Light oils 1*4 „ 

Second light oils 1*6 „ 

Creosote oils . 20*5 „ 

Anthracene oils 6'9 „ 

Pitch 60-4 „ 

The expression " light oils " means those oils which are lighter than 
water. 



Distillation of tar (extreme case) average difficult to obtain. 



Besult of Distillation of 1,200 Gallons Tar. 

Lancashire. London. 

Ammoniacal liquor . . .30 gallons. 50 gallons. 

First light oils . . . . 33 „ 20 „ 

Second light oils . . . 157 „ 20 „ 

Creosote oils 104 „ 250 „ 

Anthracene oils . . . 229 „ 50 „ 

Pitch 3i tons. 4 tons. 



Analysis of Coal Tar. (E. J. Mills.) 



Constituents. 
Carbon . 
Hydrogen . 
Nitrogen . 
Sulphur 
Oxygen . 





Scotch 


London. 


Gannel. 


77-53 


. 85-33 


6-33 


7-33 


1-03 


0-85 


0-61 


0-43 


14-50 


6-06 



Tar from a gasworks where Boghead cannel was used gave the 
following results : — 

Water, ammonia, salts, &c 6-0 per cent. 

Light oil 16-5 „ 

Heavy oil 30-0 „ 

Pitch 41-5 „ 

Permanent gases 5*0 „ 

The quantity of tar increases with the percentage of O in the coal. 
(Dr. Btinte.) 



» 74 „ 

>» 6J „ 

„ '50 cwt. 

» 'IS „ 
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Produeti from Diitillation of Lancaahire Goal Tar. 
1,000 gallons Tar, 1*16 specific gravity equals 5*3 tons. 

Per 1,000 Percentage 

Gallons, by Weight Per Ton. 

a. Ammonia liqnor, 4 ozs. . 25 gallons =: 2*2 4f gallons. 

b. First light oils . . 28 „ = 2*2 5^ „ 

c. Second light oils . . . 131 „ = 10-6 24| „ 

d. Creosote oils . . 87 „ = 7-6 16^ „ 

e. Anthracene oils . . . 191 „ = 16*9 36 „ 
/. Pitch 3 J tons = 605 12 J cwts. 

On further rectification, these distillates yield — 

b, 90 per cent, benzol .... about 6 gallons. 
o. Solvent naptha .... 

d. Carbolic acid .... 

e, 30 per cent, anthracene . 
Equal to pure anthracene . 

Specific gravity of coal tar . .= 1*12 to 1*16. 
Specific gravity of cannel coal tar =: '98 to 1'06. 
1 gallon tar at 1*16 specific gravity = 11*6 lbs. 
1 cubic foot tar „ „ „ = 72*5 lbs. 

Analysis of Coal Tar. (A. Colson.) 

Coal used, Derbyshire, 18 per cent. ; Nottingham cannel (producing 
10,436 cubic feet of 17-candle gas), 9 per cent. ; Yorkshire, 73 per 
cent. : — 

Crude naptha, 30 per cent, at 120° C. . . 6*79 gallons. 

Carbolic acid, crude, 60° 1*14 „ 

Heavy naptha, 20 per cent, at 160° 0. . 3'66 „ 

Creosote 58*04 „ 

Ammoniacal liquor, 10 ozs 5*00 „ 

Napthalene 33*91 lbs. 

Anthracene, 33 per cent. . ... 13*60 „ 

Pitch 12-67 „ 

Product! from One Ton or Tar (1886). (J. T. Lewis.) 

Benzol (50/90) .... 5 gallons. 
Naptha . . ^ » 

CarboUc acid 5 »» 

Creosote oil 50 „ 

Anthracene 30 lbs. of 35 per cent. 

Napthalene 2 cwts. 

Pitch 11 „ 

Tar from Newcastle coals contains much napthalene and anthracene. 
Tar from Wigan coals contains much benzol and phenol. (Hornby.) 
Aniline (CiaH7N) is obtained from the heavy tar oils by agitation 

with hydrochloric acid, and decomposed by a slight excess of potash 

or soda and twice distilled. 
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statvtobt ahd official bbgttlatiohb fob testikg thb 
ulttminatihg poweb and pxtbitt of OAS. 

Extract from the Oaaworki Clanief Aot, 1871. 

Sbotion 28. 

The undertakers shall cause to be provided, at the place prescribed 
and within the prescribed time, a testing place, with apparatus therein, 
for the purposes following, or such of them as may b^ prescribed by 
the special Act, that is to saj : — 

1. For testing the illuminatinjg power of the gas supplied. 

2. For testing the presence of sulphuretted hydrogen in the gas 

supplied. 
The said apparatus shall be in accordance with the regulations pr» 
scribed in Part I. of the Schedule A. to this Act annexed, or according 
to such rules as may from time to time be substituted in lieu thereof 
by any special Act, and shall be so situated and arranged as to be used 
for the purpose of testing the illuminating power and purity of the 
gas supplied by the undertakers, and the undertakers shaU at all 
times thereafter keep and maintain such testing place and apparatus 
in good repair and working order. 



Schedule A. Paet I. 
Regulations in respect of Testing Apparatus. 

1. The apparatus for testing the illuminating power of the gas 
shall consist of the improved form of Bunsen's photometer, known 
as Letheby's open 60-inch photometer, or Evans' enclosed 100-inch 
photometer, together with a proper meter, minute clock, governor, 
pressure gauge and balance. 

The burner to be used for testing the gas shall be such as shall be 
prescribed. 

The candles used for testing the gas shall be sperm candles of six 
to the pound, and two candles shall be used together. 

2. The apparatus — (a) for testing the presence in the gas of sul- 
phuretted hydrogen. — A glass vessel containing a strip of bibulous 
paper moistened with a solution of acetate of lead containing 60 grains 
of crystallized acetate of lead dissolved in one fluid ounce of water. 



Schedule A. Pabt II. 
1. Mode of Testing for Illuminating Power, 

The gas in the photometer is to be lighted at least fifteen minutes 
before the testings begin, and it is to be kept continuously burning 
from the beginning to the end of the tests. 

Each testing shall include ten observations of the photometer, made 
at intervals of a minute. 
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The oonBiunption of the gas is to be carefally adjusted to 5 cubic 
et per honr» 

The candles are to be lighted at least ten minutes before beginning 
Msh testing, so as to arrive at their normal rate of burning, which 

shown when the wick is slightly bent and the tip glowing. The 
andard rate of consumption for the candles shall be 120 grains each 
sr hour. Before and td^r making each set of ten obserrations of 
le photometer, the Qsa Examiner shall weigh the candles, and if the 
imoostion shall have been more or less per candle than 120 grains per 
our, he shall make and record the calcinations requisite to neutralise 
le effects of this difference. 

The average of each set of ten observations is to be taken as repre- 
tnting the illuminating power of that testing. 

2. Mode of Testing f 01^ Sulphuretted Hydrogen, 

The gas shall be passed through the glass vessel containing the 
tzip of bibulous paper moistened with the solution of the acetate 
f lead for a period of three minutes, or such longer period as may 
e prescribed ; and if any discolouration of the test paper is found to 
aye taken place, this is to be held conclusive as to the presence of 
ulphuretted hycbrogen in the gas. 



Extraet from Xomorandum issued by the Standards Department of 
the Board of Trade (July 1st, 1891), requiring Photometers to 
be yerified and stamped. 

Where the photometer, or apparatus for testing the illuminating 
K>wer of gas, consists of the improved form of Bunsen*s photometer, 
mown as Letheby*s open 60-inch photometer, or Evans* enclosed 
lOO-inch photometer, then the official verification will, in accordance 
vith established practice, include the burner, meter, minute clock, 
icale, governor, pressure gauge, and other subsidiary measaring instru- 
nentB. A certificate of verification is, however, only issued if such 
photometers are of the Evans or Letheby forms hitherto recognised by 
the Department. — [The Board now also certify the table photometer. J 



Directions for TTsing Standard Sperm Candles. 

Cut a candle into halves, cat round half an inch from the new end 
of each piece, care being taken not to cut the wick, and slip off the 
small piece of spermaceti ; light the wicks and let them bum tor about 
five minutes ; see if the wicks are central. If they are, let them bum 
for about twenty minutes, till they are in proper burning order, before 
commencing experiment. 

When it is desired to extinguish the candles, touch the wicks first 
with a piece of spermaceti. 

The candles should be kept in a cool place, in a proper tin candle- 
box. 
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■OnnOATIOI Off CHB gas UrBBBBB FOR THB TliR HOC 

Bevibed August, 1906. 
As to the Serrioe Pipes to the Testing Places. 

The conditions to be observed in connecting the Gas Companies' 
mains with the apparatus in the testing places and in providing for 
shutting off the gas in case of emergency are prescribed by section 8 
of the London Gas Act, 1905. 

If obstruction of the service pipe is found, or if there is reason to 
think that the quality of the gas is sufEering from any change occur- 
ring within the service pipe, the service pipe may be wash^ out in 
the presence of and by arrangement with the Gas Examiner, either 
with hot water alone or with any usual solvent such as benzol, 
naphtha, or petroleum, but the use of such solvents is to be followed by 
a washing with hot water. In every case where the service pipe is 
washed out the gas company shall send a letter to the Gas Beferees 
Explaining why the washing was considered necessary. The gas 
companies may, if they think fit, provide a tap and funnel in any 
testing place for the purpose of such washing out. 

No testing for illuminating power is to be made until after the lapse 
of an hour since the last washing out. 

As to the Standard Lamp to be nsed for Testing ninminatlng Power. 

The standard to be used in testing the illuminating power of gas 
shall be a pentane 10-candle lamp which has been examined and 
certified by the Gas Beferees. A description of the lamp is given in 
Appendix A. The residue of pentane in the saturator shall, at least 
once in each calendar month, be removed, and shall not be used again 
in any testipgs. 

The pentane to be used in this lamp shall be prepared as described 
in Appendix B., and shall show when tested the properties there 
specified. 

All pentane provided by the gas companies will be examined and 
certified by the G^as Beferees, and will be sent to the testing places in 
cans, which have been both sealed and labelled by them ; and no 
pentane shall be used in the testing places other than that which has 
been thus certified. 

The procedure to be followed in the issue of pentane to the testing 
places is described in Appendix C. 

As to the Times and Kode of Testing for niaminating Power. 

I. — Testing with the Metbopolitan Aegaito Burner, No. 2. 

The testings for illuminating power made with the Standard 
Argand shall be three in number daily. " Tne tests for illuminating 
power shall be taken at intervals of not less than one hour." " The 
average of all the testings at any testing place on each day of the 
illuminating power of the gas supplied by the company at such test- 
ing place shall be deemed to represent the illuminating power of such 
gas on that day at such testing place." (Gaslight and Coke and 
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ther Oas Companiei Acts Amendment i Act, 1880, sections 7 
Dd8.) 

Bat ** if on any one day the gas sapplied bj the Ck)mpan7 at any 
isting place is of. less iUuminating power to an extent not exceeding 
ae candle than it ought to be, the average of all the testings made at 
ich testing place on that -day and on the preceding day and on the 
>Uowing &j shall be deemed to represent the illuminating power of 
tie gas on such one day at such testing place." (London Gas Act, 
906, section 4 (3).) 

The photometer to be used in the testing places shall be the table 
hotometer described in Appendix D. The air-gas in the lamp is to 
e kept burning so that the flame is near Its proper height for at least 
3n minutes before any testing is made. At the completion of every 
ssting the air-gas is to be tamed off ; but if the interval between 
wo testings does not much exceed one hour and the Gas Examiner is 
resent during the interval, he may, instead of turning it ofE completely, 
urn it down low. 

The Argand burner attached to each photometer shall be a standard 
>nmer called the Metropolitan Argand Burner, Ko. 2, which has been 
ievised by Mr. Charles Carpenter. A description of the burner is 
;iyen in Appendix £. No Argand burner shall be used for testing 
he Illuminating power of gas that does not bear the lead seal of the 
ikus Referees. 

A clean chimney is to be placed on the burner before each testing, 
nd care should be taken that the glass does not become dimm^ by 

3 smoking of the flame. 

The gas under examination is to be kept burning, at about the usual 
&te, for at least fifteen minutes before any testis -^ is made ; the 
tamper shall be kept down during this interval. No gas shall 
)ass thiough the meter attached to the photometer except that 
vhich is consumed in testing or during the intervals between the 
estings made on any day, and that which is used in proving the 
neter. 

The paper used in the photoped of the photometer shall be white 
n colour, unglased, of fine grain and free from water marks. It shall 
oe as translucent as is possible consistently with its being sufficiently 
>paque to prevent any change in the apparent relative brightness of 
the two portions of the illuminated surface, when the head is moved 
to either side. This paper should, when not in use, be covered tt 
protect it from dust ; and if it has been in any way marked or soUed 
n fresh piece is to be substituted. 
Each testing shall be made as follows : — 

The index of the regulating tap shall be so adjusted that the meter 
hand makes one complete revolution in not less than 69 or more than 
61 seconds. The damper for regulating the air-supply to the bulliei; 
shall be screwed upwards until the flame is on the point of tailing 
above the chimney and then immediately be turned down only so far 
as to ensure that the flame bums and without any smoking. Thv 
connecting rod shall now be pushed to and fro by the Qsa Examiner 
until the illumination of the photoped by the two sources of light ii 
judged to be eqnaL A balance is best attained by making mnM 
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altematioiis of decreasing amplitade rather than by a very slow move- 
ment in one direction only. The reading on the photometric scale 
shall be noted. This observation is to be made foar times in all, and 
the mean of the results taken. The time that the meter hand takes 
to m^ke exactly two revolutions shall then be observed by the aid of 
a stop-dock or stop-watch. The mean of the four readings of the 
photometric scale shall be multiplied by the number of seconds in the 
time recorded and by the aerorthometer reading and divided by 120. 
The quotient is the illuminating power. 

If the gas is so rich that it cannot be made to bum at the prescribed 
rate without tailing above the chimney or smoking, or if the burner 
cannot be pushed far enough away to produce equality of illumination 
on the photoped, the rate must be reduced until the flame bums 
properly within the chimney, or a balance is produced when the 
Dumer is at the far end of the slide. In all other respects the testing 
and calculation shall be made as described. 

If, in very exceptional circumstances, the aerorthometer scale or 
the table does not include the conditions that are met with, ihe Qas 
Examiner shall in calculating the illuminating power use the formula 
printed below the table. 

Each testing place must be provided with a standard clock that 
will go for a week without re- winding. 

The Gas Examiner shall, at least once a week, compare the stop- 
clock in the testing place with the*standard dock or with his watch. 

The Qas Examiner shall enter in his oook the particulars of every 
testing of illuminating power made by him at the testing places, 
during or immediately after such testing ; and in the case of any test- 
ing which he rejects he shall also state the cause of rejection. No 
testing is to be rejected on the ground that the result seems improbable. 

II.— Testings with the Standard Flat Flame Bubnbb. 

The testings for illuminating power made with the flat flame burner 
shall be made at such times as the Controlling Authority shall 
direct. The burner sh^l be Bray's " No. 7 Economiser '* fitted over 
a Bray's '*No. 4 Rc?:ulator." ^e testings made with it shall be 
conducted in the same way as those with the Argand. A new burner 
shall be used every week. 

If the gas is so poor that the burner cannot be brought near enough 
to produce equality of illumination on the photoped, the rate of con- 
sumption must be increased, until a balance is produced when the 
burner is at the near end of the slide. In all other respects the 
testing shall be carried out as described. 

As to the Times and Xode of Totting for Snlphnrotted Hydrogen. 

The apparatus to be used in testing gas for the presence of 
sulphuretted hydrogen is figured in Appendix H. The gas as it 
leaves the service pipe shall be passed through the glass vessel in 
which are suspended slips of bibulous paper which have been recently 
moistened by dipping them in a solution consisting of 100 grains of 
crystallised acetate of lead dissolved in 100 cubic centimetres of 
water. 
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One testing shall be made daily. 

In miJdng the testing, gas shall be tamed on to the apparatus, and 
t at the burner as soon as the air has been swept out. When the 
as has burnt for three minutes it is to be turned off, and one of the 
Lips of paper is to be compared with another similar slip which has 
ot been exposed to the gas. The gas is to be taken as showing the 
resence of sulphuretted hydrogen if the slip of paper which has been 
zpoeed to it is unmistakably the darker of the two. 

In this event two of the test-slips which have been exposed to the 
as shall be placed in a stoppered bottle and kept in the dark at the 
esting place ; one of the remaining slips shall be forwarded with each 
ally report, and the comparison slip shall be retained by the Gas 
Examiner for the use of the Chief Gas Examiner. 

The Gas Examiner in making his return shall write either 
present " or " absent " as the case may be. 

As to the Mode of Testing for Sulphur Compounds otheri than 

Sulphuretted Hydrogen. 

This testing shall be made on such days as the Controlling 
Luthority shall direct. A description of the apparatus to be 
mployed is given in Appendix K. It is to be set up in a room 
r clc set where no other gas is burning. The gas shall pass through a 
aeter by reference to which the rate of flow can be adjusted, and 
^hich is provided with a self-acting movement for shutting ofl the 
;as when ten cubic feet have passed. 

Pieces of sesqui-carbonate of ammonia, from the surface of which 
ny efflorescence has been removed, are to be placed round the stem 
if the burner. The index of the meter is to be then turned forward 
o the point at which the catch falls and will again support the 
ever-tap in the horizontal position. The lever is made to rest 
^inst the catch so as to turn on the gas. The index is turned back 
o a little short of zero, and the burner lighted. When the index is 
ilose to zero the trumpet-tu)^ is placed in position on the stand and 
ts narrow end connected with the tubulure of the condenser. At 
he same time the long chimney-tube is attached to the top of the 
sondenser. 

As soon as the testing has been started, a first reading of the 
lerorthometer is to be made and recorded, and a second reading as 
lear as may be to the time at which the gas is shut off. The rate of 
}uming, which with practice can be judged very nearly by the 
leight of the flame, is to be adjusted, by timing the index of the 
neter, to about half a cubic foot of gas per hour. 

After each testing the flask or beaker, which has received the 
iquid products of the combustion of the ten cubic feet of gas, is to be 
smptied into a measuring cylinder and then replaced to receive the 
washings of the condenser. Next the trumpet-tube is to be removed 
md well washed out into the measuring cylinder. The condenser is 
:hen to be flushed twice or thrice by pouring quickly into the mouth 
)f it 40 or 50 cubic centimeters of distilled water. These washings 
ire brought into the measuring cylinder, whose contents are to be 
^ell mixed and divided into two equal parts. 
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One-half of the liquid so obtained is to be set aside, in case it 
should be desirable to repeat the determination of the amount of 
sulphur which the liquid contains. 

The other half of the liquid is brought into a flask, or beaker 
covered with a large watch-glass, treated with hydrochloric acid 
sufficient in quantity to leave an excess of acid in the solution, and 
then raised to the boiling point. An excess of a solution of barium 
chloride is Inow to be added, and the boiling continued for five 
minutes. The vessel and its contents are to be allowed to stand till 
the ban Jim sulphate has settled at the bottom of the vessel, after 
which the clear liquid is to be as far as possible poured ofE through a 
paper filter. The remaining liquid and barium sulphate are then to 
be brought on to the filter, and the latter is to be teell washed with 
hot distilled water. (In order to ascertain whether every trace of 
barium chloride and ammonium chloride has been removed, a 
small quantity of the washings from the filter should be placed in a 
test-tube, and a drop of a solution of silver nitrate added ; should 
the liquid, instead of remaining perfectly dear, become cloudy, the 
washing must be continued until on repeating the test ao cloudiness 
is produced.) Dry the filter with its contents, and transfer It Into a 
weighed platinum crucible. Heat the crucible over a lamp, in- 
creasing the temperature gradually, from the point at which the 
paper logins to char, up to bright redness.* When no black particles 
remain, allow the crucible to cool : place it wlien nearly cold in a 
desiccator over strong sulphuric acid, and again weigh it. The 
difference between the first and second weighings of the crucible 
will give the number of grains of barium sulphate. Multiply this 
number by 11 and divide by 4 ; the result is the number of grains of 
Sulphur in 100 cubic feet of the gas. 

This number is to be correcteid jEor the variations of temperature 
and atmospheric pressure in the manner indicated under the head 
of Illuminating Power, with this difference, that the mean of the 
first and second aerorthometer readings shall be taken as the 
reading. 

The correction by means of the aerorthometer reading may be 
made imost simply and with sufficient accuracy in the following 
manner: — 

When the aerorthometer reading is between 

•965- -966, '966''976, -97&''985, -SSS-'SSS, 
diminish the number 
of grains of sulphur by 4, 3, 2, 1 per cent 

When the aerorthometer reading is between *995-l*005, no correc- 
tion need be made. 

When the aerorthometer reading is between 

1006-1015, 1016-1-025, I-O^S-IOSS, 
increase the number of 
grains of sulphur by ... 1, 2. 3 per cent. 

* An equally good and more expeditions method is to drop the 
filter with its contents, drained but not dried, into the red-hot crucible. 
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Example : — 

Onins of bariiim Bolphate from 6 cable 

feet of gas ..... 10*4 
Multiply by 11 and dlTide by 4 . . 11 

4)114-4 



Aerorthometer 
reading 1*018 



Ghrains of salphnr in 100 cnbic feet of 

ga8(anoorrected) . . 28*60 

Add 28-6 X Jo a . . . . '67 

Grains of snlphur in 100 cubic feet of Besnlt : 

gas (collected) .... 29*17 29*2 grains. 

The aerorthometer reading is the reciprocal of the tabular 
number. The Gaa Examiner shall, not less often than once a month, 
compare the aerorthometer reading with the reciprocal of the tabular 
number deduced from observations of the barometer and thermometer, 
and if there is a difference of more than one-half per cent, the 
aerorthometer is to be readjusted. 

Ai to the Mode of Testing the Calorifle Power of the Gas. 

This testing shall be made on such day&as the controlling authority 
shall direct. 

The calorimeter to be used in testing the calorific power of the 
gas shall be one which has been examined and certified by the Gas 
Beferees. A description of the calorimeter is given in Appendix L. 

In order to test the gas for calorific power, the gas shau first pass 
through a meter and a balance governor of the same construction as 
those on the photometer tabla It shall then be led to the gas inlet 
in the base of the calorimeter. The gas shall be turned on and 
lighted, and the tap of the calorimeter shall be so adjusted as to 
allow the meter hand to make one turn in from 60 to 76 seconds. 
The water shall be turned on so that when the regular flow through 
the calorimeter has been established a little may pass the overflow of 
the funnel and trickle over into the sink. Water must be poured in 
through one of the holes in the lid until it begins to run out at the 
condensation outlet. The calorimeter may then be placed upon its 
base. The measuring vessel carrying the changeover funnel shown 
in Fig. 16, p. 482, should then be placed i^ position in the sink 
80 that the outlet water is led into the sink. The hot water outlet 
tube of the calorimeter should be above but should not touch 
the change-over funnel. After an interval of not less than 20 
minutes the Gas Examiner, after bringing the reading glasses into 
position on the thermometers used for measuring the temperature of 
the inlet and outlet water, shall then make the following observa- 
tions. When the meter hand is at 76 he shall read the inlet tempera- 
ture ; when it reaches 100 he shall move the funnel so as to direct 
the outflow into the measuring vessel and at the same time he shall 
start the stop-clock or a stop-watch. When the meter hand reaches 
25 he shall make the first reading of the outlet temperature. He 

O.K. B B 
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shall continue to read the outlet temperature at every quarter turn 
until fifteen readings have been takeu. The meter hand will then be 
at 75. He shall also at every turn of the meter except the last make 
a reading of the inlet temperature when the meter hand is between 
75 and lUO. When the meter hand reaches 100 after the last outlet tem- 
perature has been read, the Gas Examiner shall shift the funnel so as to 
direct the outlet water into the sink again and at the same time stop 
the clock or watch. The barometer and the thermometers showing 
the temperatures of the effluent gas, of the air near the calorimeter 
and of the gas in the meter, shall then be read. The time shown by 
the stop-cl(X)k shall be recorded. The mean of the four readings of 
the inlet te.nperature is to be subtracted from the mean of the fifteen 
readings of the outlet temperature and the difference is to be multi- 
plied by 3 and by the number of litres of water collected and the pro- 
duct is to be divided by the tabular number. The difference in degrees 
centigrade of the temperature of the effluent gas and of the surrounding 
air shall be taken, and one-sixth of this difference shall be added to the 
result previously found if the effluent gas is the warmer of the two, or 
subtracted if the effluent gas is the cooler of the two.* The result 
is the gross calorific power of the gas in calories per cubic foot. 

la addition to the observations described, the amount of condensed 
water resulting from the combus tion of the gas shall be measured. 
For this purpose the condensatiDn water shall be led into a flask 
not less than 20 minutes after the calorimeter has been placed in 
"^sition. The amouat collected in not less than 30 minutes shall 
>B measured, the time of collection having been accurately noted. 

The number of cubic centimetres collected shall be multiplied by 
the number of seconds in the time indicated by the stop-clock and 
by the number 1-86. The number of seconds in the time during which 
the condensed water was being collected shall be multiplied by the 
tabular number. The first product shall be divided by the second. 
The quotient is to be subtracted from the gross calorific power. The 
difference is the net calorific power in calories per cnbic foot. The 
corresponding values of the ^ross and net calorific power in British 
Thermal Units can be obtained by multiplying the number of 
calories by 3*938. 

A form on which the Gas Examiner may conveniently set down hig 
observations and the whole of the figures needed for the calculation 
is given at the end of Appendix L. The figures in italic type are 
specimen figures, and represent such as might be written by the Gas 
Examiner. 

Af to the Kode of Testing the Presinre at whieh Gai ii Supplied. 

Testings of pressure shall be made at such times and in such places 
as the Controlling Authority may from time to time appoint (Gas- 
light and Coke and other Gas Companies Acts Amendment Act, 
1880, Section 6). In order to make this testing the Gas Examiner 
shall unscrew the governor and burner of one of the ordinary public 
lamps, and shall attach in their stead a portable pressure-gauge. In 

* This correction has been found by experiment. 
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places where incandescent burners are used for street-lighting, one 
street lamp in each street or group of streets may be provided under 
the lantern with a branch closed by a screw stopper. The Gas 
Examiner shall in sach cases connect the pressure-gauge by screwing 
to it an ^.-shaped pipe fitted with a union, by means of which it may 
be connected to the service pipe in the place of the screw stopper. 
The ^.-shaped pipe is to be of such dimensions as to enable the 
pressure-gauge to be fixed outside the lantern but at about the same 
level as the incandescent burner. It should be provided with a tap. 

The gauge to be used for this purpose consists of an ordinary 
pressure-gauge enclosed in a lantern, which also holds a candle for 
throwing light upon the tubes and scale. The difference of level of 
the water in the two limbs of the gauge is read by means of a sliding 
scale, the zero of which is made to coincide with the top of the lower 
column of liquid. 

The Gas £xaminer having fixed the gauge gas-tight, and as nearly 
as possible vertical on the pipe of the lamp, and having opened the 
cocks of the lamp and gauge, shall read and at once record the 
pressure shown. From the observed pressure one-tenth of an inch is 
to be deducted to correct for the difference between the pressure of 
gas at the top of the lamp column and that at which it is supplied to 
the basement of neighbouring houses. 

The pressure prescribed in the Acts of the three Metropolitan Gas 
Companies is to be such as to balance from midnight to sunset a 
column of water not less than one inch in height. 

Keten. 

Each of the meters used for measuring the gas consumed in making 
the various testings is constructed with a measuring drum which 
allows one-twelfth of a cubic foot of gas to pass for every revolution. 
A hand is fastened directly to the axle of this drum and passes over 
a dial divided into one hundred equal divisions. The dial and hand 
are protected by a glass. In the meter employed in testing the purity 
of gas the pattern of dial for showing the number of revolutions and 
the automatic cut-off hitherto in use shall be retainer but in the 
meter employed for testing illuminating power, only the dial above 
described is needed. The meters should be provided with Fahrenheit 
thermometers. The stop-clock may be either attached to the meter 
or separate. 

The meters used for measuring the gas consumed in making the 
various testings having been certified by the Referees, shall, at least 
once in seven days, be proved by the Gas Examiners by means of the 
Referees* one-twelfth of a cubic foot measure. 

No meter other than a wet meter shall be used in testing the gas 
under these instructions. 
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Appbhdiz a. 

n* Tm-(hndU PentoM Lao^. 

Hr. Hftrcourt's Ten-Cuidle Pentane I^mp ia one in which &ir is 

saturated with pentane vaponr, the air-gas so formed descending bj 

its gravitj to a steatite Hug barner. The flame is drawn into a 

deGnite turm, and 

the top of it ia 

hidden frsm yiew 

by a long brass 

J chimnej above the 

' Bieatite burner. The 

chimney i» inr- 

* rounded b; a larger 

bTasstnbe, in which 

the air is warmed by 

the chimney, and so 

tends to rise. This 

which, descending 
through another 
tnbe, supplies air to 
the centre of the 
steatite ring; No 
glass chimney is 
required, and do 
ezt^ot means have 
to be employed to 
drive the pentane 
vapour through the 

Figure 1 shows 
tbe general appear- 
ance of the himp. 
Thesatnrator A is at 
starting about two- 
thiids filled with 
pentane.* Itshonld 

• Cautiom. — Pen- 
tone is extremely in- 
flammable ; it gives 
off at ordinary tem- 
pemtores a heavy 
vapour which is 
liable to ignite at a 
' flame at a lower 
lerel than the liquid. 
Z%« tatvrator ntiut 
neter have penUau 
ponrtd imto it when 
Utpo*iatm.ifthsl<mporth«gatoftUpMimtter italiffU, 
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be xepleiiiahed fioxn time to time so that the height of liquid as seen 
against the windows may not be less than one-eighth of an inch. The 
satoxator A is connected with the bamer B by means of a piece of 
wide india-robber tube. The rate of flow of the gas can be regulate 
by the stop-cock Si, or by checking the ingress of air at Si. For this 
latter puipose a metal cone, acting as a damper, is suspended by its 
apex from one end of a leyer, to the other end of which is attached a 
thread for moving the cone up or down. The leyer is supported by 
an upright arm clamped to the upper end of the stop-cock immediately 
beneath the cone. From the top of the lamp the thread descends to 
a small pulley on the table, and thence passes horizontally to the end 
of a screw moving in a small block, by turning which the Gas 
Examiner can regiUate the lamp without leaving h£ seat. It is best 
80 to turn the stop-cock Ss as to allow the flame to be deflnitely too 
high, but not to turn it full on, before letting down the regulating 
cone to its working position. Both stop-cocfas i^ould be turned off 
when the lamp is not alight. 

The chimney tube C C should be turned so that no light passing 
through the mica window near its base can f aU upon the photoped. 
The lower end of this tube should^ when the lamp is cold, be set 47 
millimeters above the steatite ring burner. A cylindrical boxwood 
gauge, 47 millimeters in length and 32 in diameter, is provided with 
the lamp to facilitate this adjustment. The exterior tube D com- 
municates with the interior of the ring*buxner by means of the 
connecting box above the tube B and the bracket F on which the 
burner B is supported. A conical shade G is provided. This should 
be plaoed so that the whole surface of the flame beneath the tube C 
may be seen at the photoped through the opening. 

The lamp should be adjusted' by its levelling screws so that the 
tube E, as tested with a plumb-line, is vertical, and so that the upper 
surface of the steatite burner is 363 millimeters from the table. A 
pauge is provided to facilitate this latter measurement. The tube 
18 brought centrally over the burner by means of the three adjusting 
screws at the base of the tube D. These three screws should not be 
quite screwed up, but only suflBciently so to keep the chimney tube 
central. The adjustment is facilitated by xbeans of the boxwood 
gauge. 

When the lamp is in use the stop-cocks are to be regulated so that 
the tip of the flame is about half-way between the bottom of the 
mica window and the cross-bar. A variation of a quarter of an inch 
either way has no material influence upon the light of the flame. 
The saturator A should be placed upon the bracket as far from the 
central column as the stop at the end will allow. If it is found that, 
after the lamp has been lighted for a quarter of an hour, the tendency 
of the flame is to become lower, the saturator may be placed a little 
nearer the central column. 

To prevent a gradual accumulation of dust in either the burner or 
the air-passage, a small cover of the size of the top of B and shaped 
like the lid of a pill-box shoulU be kept upon the lamp when not in 
use. 
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Appendix B. 

The pentane to be used in the 10-candle lamp shonld be prepared 
and tested in the following manner : — 

Pbeparation. — Light American petroleum, snch as is known as 
gBsoline and used for making air-gas, is to be farther rectified by 
three difitillations, at SS'^ C, 50^, and 45^ in suooeasion. The dis- 
tillate at 45° is to be shaken up from time to time during two periods 
of not less than three hours each with one-tenth its bulk of (1) strong 
sulphuric acid, (2) solution of caustic soda. After these treatments 
it is to be again distilled, and that portion is to be collected for use 
which comes o?er between the temperatures of 25° and 40°. It wUl 
consist chiefly of pentane, together with small quantities of lower 
and higher homologues whose presence does not affect the light of the 
lamp. 

Testing.— The density of the liquid pentane at 15° C. should not 
be less than 0*6235 nor more than 0*626 as compared with that of 
water of maximum density. The density of the pentane when 
gaseous, as compared with that of hydrogen at tbe same tempera- 
ture and under the same pressure, may be taken. This is done most 
readily and exactly by Gay Lussac's method, under a pressure of 
about half an atmosphere and at temperatures between 25° and 35^. 
The density of gaseous pentane should lie between 36 and 88. 

Any admixture with pentane of hydrocarbons belonging to other 
groups and having a higher photogenic value, such as benzene or 
amylene, must be avoided. Their presence may be detected by the 
following test. Bring into a stoppered 4-oz. bottle of white glass 
10 cc. of nitric acid, specific gravity 1*32 (made by diluting pure 
nitric acid with half its bulk of water) ; add 1 cc. of a dilute solu- 
tion of potassium permanganate, containing 0*1 gram of perman- 
ganate in 200 cc. Pour into the bottle 50 cc of the sample of 
pentane, and shake strongly during five successive periods of 20 
seconds. If no hydrocarl^ns other than paraffins are present, the 
pink colour though somewhat paXer, will still be distinct ; if there is 
an admixture of as much as i per cent, of amylene or benzene, the 
colour will have disappeared. 

Appendix D. 

The Table Photometer, 

The several parts of the apparatus stand upon a well-made anl 
firm table, 5 feet 6 inches by 3 feet 6 inches, and 2 feet 5 inches high. 
The upper surface of this table is smooth, level, and dead black. 
Upon this are placed or clamped in the positions shown in Fig. 3 : — 

(1.)— The Gas Meter. 

(2.)— The Gas Governor. 

(3.)— The Regulating Tap. 

(4.)— The " Metropolitan Argand Burner, No. 2," and Sliding Base. 

(5.)— The Flat Flame Burner and Sliding Base. 

(6.)— The Slide, Connecting Bod and Photometrio Scale, and 
Index. 
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CIO.)— The Aerorthometer. 
(11.)— The Stop Clock. 

(12.) — Dark Scfeens ; Mirrora ; Measuring Bod ; SmaU Block, and 
Pulley. 

Appendix X. 

The burner which has been adopted as the standard bomtr for 
testing gas was deyised by Mr. Charles Carpenter, and has been 
called by kim ** The Metropolitan Argand Burner, No. 2.** 

A full-sized drawing showing details is given in Fig. 10, on which 
also are marked the important dimensions. While these are given 
in every case to the nearest thousandth of an inch, this degree of 
accuracy is not essential The important dimensions are those 
governing the gas and air passages, out all should be adhered to as 
nearly as workshop practice allows. 

The annular chamber from which the gas issues is made of steatite. 

The chimney to be used with this burner is 6 inches long and 
1{ inch in internal diameter. 

Bach testing place is provided vfith a box containing two wire 
gauges, one 0*058 inch, and the other 0*062 inch in diameter. The 
Gas Examiner must once in eveiy month pass the smaller gauge 
through every hole in the burner, so as to clear out any loose 
obstruction or detect any hard concretion that might interfere with 
the proper discharge of the gas. He should at the same time satisfy 
^mself that the larger gauge will not pass through the holes. 
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Appendix G. 

TABULAR NUMBKB8, BKINa A TABLK TO PAOILITATB THE OOBRBOTIOM OF 

TUBES AND UNDEB DIFFBBENT 





Thermometer— Falurenlieit. 








1 


Bar. 














40O 


42«> 


440 


46^ 


480 


50° 


629 


540 


660 

•942 


68«> 


6O0 




280 


•979 


•974 


•970 


•965 


•960 


•956 


•961 


-946 


•937 


•932 
•936 
•939 




281 


•983 


•978 


•973 


•969 


•964 


•959 


•955 


•951 


-946 


•941 




282 


•986 


•981 


•977 


•972 


•y67 


•963 


-958 


•953 


-949 


-944 




288 


•990 


•986 


•980 


•976 


•971 


•966 


•961 


•967 


•952 


•947 


'942 


28-4 


•993 


•988 


•984 


•979 ^974 


•970 


•966 


•960 


•956 


•961 


•946 


286 


•997 


-992 


•987 •983 


•978 


•973 


•968 


•964 ^959 


•964 


'949 


286 


1-001 


•996 


•991 ^986 


•981 


•977 


•972 


•967 •9621 -958 


^0 ^%^ 


287 


1-004 


-999 


•994 


•990 


•986 


•980 


•975 


•970 


•966 -9611 -956 1 




288 


1-007 


1-003 


•998 


•993 


-988 


•984 


•979 


•974 


-969 


•964 -969 1 




28-9 


1-011 


1-006 


1-001 


•997 


-992 


•987 


•982 


•977 


•973 


•968 


-963 




29^0 


1-014 


1-010 


1-006 


1-000 


-995 


•990 


•986 


•981 


•976 


•971 


•9^6 




291 


1-018 


1-013 


1-008 


1-004 


•999 


•994 


•989 


•984 


•979 


•975 


. -969 




292 


1-021 


1-017 


1-012 


1-007 


1002 


•997 


•992 


•988 


•982 


-978 


•973 




298 


1026 


1-020 


1-016 


1011 


1-006 


1-001 


•996 


•991 


•986 


•981 


•976 




294 


1-028 


1-024 


1-019 


1-014 


1-009 


1-004 


•999 


•995 


•990 


•985 


-980 




295 


1032 


1027 


1022 


1018 


1-013 


1-008 


1-003 


•998 


•993 


-988 


-983 




296 


1-036 


1-031 


1-026 


1021 


1-016 


1011 


1^006 


1-001 


-996 


-992 


-986 




29-7 


1-039 


1034 


1-029 


1-025 


1-019 


1-015 


1-010 


1:006 


1-000 


-996 


•990 




298 


1043 


1-038 


1-033 


1-028 


1023 


1-018 


1-013 


1-008 


1-003 


-998 


-993 


299 


1046 


1-041 


1-036 


1-031 


1026 


1-022 


1017 


1-012 


1-007 


1-002 

• ^ ,_ _^ 


•997 


300 


1-Q50 


1046 


1-040 


1-036 


1-030 


1-025 


1-020 


1-015 


1-010 


1-006 1-000 


301 


1063 


1-048 


1-043 


1-038 


1033 


1-029 


1-024 


1-019 


1-014 


1-009 1-003 




302 


1-057 


1062 


1-047 


1042 


1-037 


1-032 


1-027 


1-022 


1-017 


1-012 


l-UUY 




303 


1-060 


1056 


1-060 


1-046 


1-040 


1-036 


1-030 


1026 


1-020 


1016 


1-010 




304 


1-064 


1-069 


1-064 


1-049 


1044 


1039 


1-034 


1-029 


1-024 


1019 


1-014 

4 /v^ mm 




305 


1-067 


1-062 


1067 


1-052 


1047 


1-042 


1-037 


1032 


1-027 


1022 


1-017 

4 y*vf%/\ 




306 


1-071 


1-066 


1061 


1-056 


1-051 


1046 


1-041 


1036 


1-031 


1026 


1-020 

4 ^\.C\ A 




307 


1074 


1-069 


1064 


1059 


1-064 


1049 


1-044 


1039 


1-034 


1029 


1-024 

4 /\c%n 




308 


1-078 


1073 


1-068 


1063 


1-068 


1-053 


1-048 


1043 


1037 


1032 


1*027 




309 


1-081 


1-076 


1-071 


1066 


1061 


1056 


1-051 


1-046 


1041 


1036 


1-031 

4 r\t\ A 




310 


1-085 


1-080 


1075 


1-070 


1066 


1-060 


1-055 


1049 


1-044 


1089 


1034 


^^ 



♦»* The numbers in the above table have been calculated from the formula 

temperature on the Fahrenheit scale, and a the tension of aqueous vapour 
*^ volume at 60 ^ and oO mchcs 
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Appendix G. 
the volume of gas measured oyer water at different tempera- 





ATMOSPHEBIO PRESSURES. 






















Thermometer— 


Falirenheit. 


^ 




Xar 














28a 


62° 


640 


660 


eso 


70«» 


729 


'740 


76° 


780 


WP 


820 

• 


840 




•927 


•922 


•917 


•912 


•907 


•902 


•897 


-892 


-887 


•881 


•875 


•870 




281 


•930 


•926 


•921 


•916 


•911 


•905 


-900 


-895 


-890 


•884 


•879 


•873 




282 


•934 


•929 


•924 


•919 


•914 


•909 


-904 


•898 


-893 


•887 


•882 


•876 




283 


•937 


•932 


-928 


•922 


•917 


•912 


•907 


•902 


-896 


•891 


•885 


-880 




284 


•941 


•936 


•931 


•926 


•921 


•915 


-910 


•905 


•900 


•894 


•888 


•883 




285 


•944 


•939 


•934 


•929 


•924 


•919 


-914 


.-908 


•903 


•897 


•892 


•886 




286 


•947 


•943 


•938 


•932 


•927 


•922 


-917 


•912 


•906 


•901 


•895 


•889 




28-7 


•951 


•946 


•941 


•936 


•931 


•925 


-920 


•915 


•909 


•904 


•898 


•^93 




288 


•954 


-949 


•944 


•939 


•934 


•929 


-924 


-918 


•913 


•907 


•901 


•896 




289 


•958 


-953 


-948 


•942 


•937 


•932 


•927 


-921 


•916 


•910 


•905 


•899 




290 


•961 


-956 


•951 


•946 


•941 


•935 


•930 


•925 


•919 


-914 


•908 


•903 




291 


•964 


-959 


•954 


-949 


•944 


•939 


•933 ^928 


•923 


•917 


•911 


•906 




292 


•968 


-963 


•958 


-952 


•947 


•942 


•937 


•931 


•926 


•920 


-914 


•909 




29*3 


•971 


•966 


-961 


-956 


•950 


•945 


•940 


•935 


•929 


•923 


-918 


•912 




294 


•975 


•969 


•964 


-959 


•954 


•949 


;943 


•938 


•932 


•927 


•921 


•915 




295 


•978 


•973 


•968 


-962 


•957 


•952 


-947 


•941 


•936 


•930 


•924 


•919 




296 


•981 


•976 


•971 


-966 


•960 


•955 


•950 


•944 


•939 


•933 


•927 


-922 




297 


•985 


•980 


•974 


•969 


•964 


•959 


•953 


•948 


•942 


•937 


•931 


•925 




298 


•988 


•983 


•978 


•972 


•967 


•962 


•957 


•951 


•946 


•940 


•934 


•928 




299 


•991 


•986 


•981 


•976 


•970 


•965 


•960 


•954 


•949 


•943 


•^37 


•932 




300 


•996 


-990 


•985 


•979 


•974 


•968 


-963 


•958 


•952 


•946 


•941 


•935 




301 


•998 


-993 


•988 


•983 


•977 


•972 


-966 


•961 


•955 


•950 


•944 


•938 




302 


1-002 


-996 


•991 


•986 


•980 


•975 


•970 


•964 


•959 


•953 


•947 


•941 




303 


1005 


1000 


•995 


-989 


•984 


•978 


•973 


•968 


•962 


•956 


•950 


•945 




804 


1-008 


1003 


•998 


•993 


•987 


•982 


•976 


•971 


•965 


-959 


•954 


•948 




305 


1012 


1006 


1001 


-996 


•990 


•985 


•980 


-974 


•969 


-963 


•957 


•951 




306 


1015 


1010 


1-005 


•999 


•994 


•988 


-983 


•977 


•972 


•966 


•960 


•954 




307 


1018 


1013 


1-008 


1003 


•997 


•992 


•986 


•981 


•975 


•969 


•963 


•957 




308 


1022 


1017 


1-011 


1-006 


rooo 


•995 


-990 


•984 


•978 


•972 


•967 


-961 




309 


1025 


1-020 


1-015 


1-009 


1-004 


•S98 


-993 


-987 


•982 


•976 


•970 


•964 




310 


1029 


1-023 


1-018 


1-013 


1^007 


1002 


-996 


•991 


•985 


•979 


•973 


•967 




n s= 


. 17-64 


(h-a 


2i whe 


re h i 


s the 


heierht 


of th 


e bar 


omete 


r inii 


iches. 


t the 



460 + * . 

at i^. If V is any volume at tO and h inches pressure and V the corresponding 
pressure, V = t? n. 
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Appendix H. 



Teitfar SiUpkuretted Hydrogen^ 

The apparatus represented by Fig. 12 consists of a plate with a 
circular channel half filled with mercury in which rests a bell-glass, 
held down in position by an arm and cap not shown in the figure. A 
central tube connected below with the gas-inlet rises nearly to the 
top of the bell-glass, and carries midway wires pointed and curved at 
the end, from ^ch of which a slip of lead-paper hangs. 



2j=m 




nm 



Kg. 12. 

A second pipe passing through the plate and terminating above in a 
short elbow provides an outlet for the gas, which is burnt as it issues 
from a governor burner passing gas at about the rate of five cubic feet 
per hour 

Appbndix E. 

Sulphur Ibst. 

The apparatus to be employed is represented by Fig. 13, and is of 
the following description: — ^The gas Is burnt in a small Bunsen 
burner with a steatite top, which is mounted on a short cylindrical 
stand, perforated with holes for the admission of air, and having on 
its upper surface, which is also perforated, a deep circular channel to 
receive the wide end oi a glass trumpet-tube. There are both in the 
side and in the top of this stand fourteen holes of five millimeters 
in diameter, or an equivalent air-way. On the top of the stand, 
between the narrow stem of the burner and the surrounding glass 
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tnmipet-tabe, u« to b« pkeed pteoea of commercul Msqni-carboii&te 
of immoais weighing in all aboat two onnces. 

The prodactB botb of the combostion of the gas and of the gradaal 
Tdlitjlinlioa of the ammonia salt go npwarJs throogh the trumpets 
tube Into a Tertical glan cylinder with h tubuture near the bottom, 
and drawn In at a point above this to abont half its diameter. From 
lilt contracted part to the top the cylinder ia packed with halls of 
glus abont flFt«eit millimeters in diameter, to hreak up the current 
and promote condemation. From the t«p of this condenser there 
iiroceeds a ]i>ng glass pipe vt chimney 
klightly bent over at tbe upper end, 
■orring to effect some farther conden- 
sation, SB well as to r^nnlate the 

draaght and afford an exit tor the 
nneondensable gases. Id the bottom 

of the condenser is fixed a small gbi>iB 

tabe, throngh which the liquid formed 

clnring the testing drops into a flask 

placed beneath. 
The following cantioiu aie to be 

ohKTTed In selecthig and letting np 

tbe apparatus : — 
Bee that the inlet-plpe fits gaa-tight 

Into tbe burner, and that the boles in 

the circular stand are clear. If the 

linmer giren n Inminons Saine, remove 

the top piece, nnd having hammered 

<lown gently the uoitk- <i soft metal, 

Esrforate it afresh, making as small a 
ale as will give passage to two-thirds 
of a cubic foot of gas per hour at n 
convenieDt pressure. 

8m that the tubnlnre of the con- 
denser has an internal diameter of not Fig. 13. 
less than 18 millimeters, andthatits 

OQtside Is smooth and i^ the same siie as the small end of tlie 
(mmpct-tube ; also that the internal diameter of the contmcted part 
la not less than 30 miUimeten. 

See that the short piece at india-mbbec pipe fits tightly both to 
tbe tram pet- tube and to the tnbnlnre of the condenser. 

The small tube at the bottom of tbe condenaer should have its 
lower end contracted, so that when in use it may be closed by a drop 

Tbe india-rubber pipe at the lower end of the chimney-tube should 
fit Into or over, and not simply rest upon, the mouth of the condenaer. 

A oen(t«I hole, about .'iO nilllimetere in diameter, may witb advon- 
tAse be made in the shelf of the stand. If a beaker is kept on tba 
table below, the liquid will still be preeerred U by any accident tbe 
a»A Is not la Ita plaotb 
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Appendix L. 

7%e Oas Calorimeter, 

The gas calorimeter, which has been designed by Mr. Boys, is 
shown m yertical section in Fig. 14. Itconsisteof three parts, which 
may be separated, or which, if not in position, may be tamed rela- 
tively to one another about their common axis. The parts are (1) the 
base A, carrying a pair of burners B, and a regulating tap. The 
upper surface of the base is covered with a bright metal plate held in 
place by three centering and lifting blocks C. The blocks are so 
placed as to carry (2) the vessel D which is provided with a central 
copper chimney £ and a condensed water outlet F. Besting upon 
the rim of the vessel Dave (3) the water circulating system of the 
calorimeter attached to the lid G. Beginning at the centre where 
the outflow is situated there is a brass box which acts as a tem- 
perature equalising chamber for the outlet water. Two dished 
plates of thin brass E K are held in place by three scrolls of thin 
orass L L L. These are simply strips bent^ound like unwound clock 
springs, so as to guide the water in a spiral direction inwards, then 
outwards and then inwards again to the outlet. The lower or pendent 
portion of this box is kept cool by circulating water, the channel for 
which may be made in the solid metal, as shown, on the right side, or 
by sweating on a tube as shown on the left. Connected to the water 
channel at the lowest point by a union are five or six turns of copper 
pipe such as is used in a motor-car radiator of the kind known as 
Clarkson^s. In this a helix of copper wire threaded with copper wire 
is wound round the tube, and the whole is sweated together by immer- 
sion in a bath of melted solder. A second coil of pipe of similar con- 
struction surrounding the first is fastened to it at the lower end by a 
union. This terminates at the upper end in a block, to which the 
inlet water box and thermometer holder are secured by a union as 
shown at 0. An outlet water box P and thermometer holder are 
similarly secured above the equalising chamber H. The lowest turns 
of the two coils M N are immersed in the water which in the first 
instance is put into the vessel D. 

Between the outer and inner coils M N is placed a brattice Q made 
of thin sheet brass, containing cork dust to act as a heat insulator. 
The upper annular space in the brattice is closed by a wooden ring, 
and that end is Immersed In melted rosin and beeswax cement to 
protect it from any moisture which might condense upon it. The 
brattice is carried by an internal flange which rests upon the lower 
edge of the casting H. A cylindrical wall of thin sheet brass, a very 
little smaller than the vessel D, is secured to the lid so that when the 
instrument is lifted out of the vessel and placed upon the table, the 
coils are protected from injury. The narrow air space between this 
and the vessel D also serves to prevent interchange of heat between 
the calorimeter and the air of the room. 

The two thermometers for reading the water temperatures and a 
third for reading the temperature of the outlet air are all near 
together and at the same level. ^The lid may be turned round into 
any position relatively to the gas inlet and condensed water drip that 
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may be convenient for observation, and the inlet and outlet water 
boxes may themselves be tamed so that their branch tubes point in 
any direction. 

A regular supply of water is maintained by connecting one of the 
two outer pipes of the overflow funnel to a small tap over the sink. 
The overflow funnel is fastened to the wall about one metre above 
the sink and the other outer pipe is connected to a tube in which 
there is a diaphragm with a hole about 2*3 mm. in diameter. This 
tube is connected to the inlet pipe of the calorimeter. A piece of 
stiff rubber pipe long enough to carry the outflow water clear of the 
calorimeter is slipped on to the outflow branch and the water is turned 
on so that little escapes by the middle pipe of the overflow funnel, 
and is led by a third piece of tube into the sink. The amount of 
water that passes through the calorimeter in four minutes should be 
sufflcient to fill the gradmated vessel shown in Fig. 16 to some point 
above the lowest division, but insuflScient in five minutes to come 
above the highest division. If this is not found to be the case, a 
moderate lowering of the overflow funnel or reaming out of the 
hole in the diaphragm will make it so. The overflow funnel should 
be provide with a lid to keep out dust. 

The thermometers for reading the temperature of the inlet and 
outlet water should be divided on the centigrade scale into tenths 
of a degree, and they should be provided with reading lenses and 
pointers, that will slide upon them. The tbern^ometers are held in 
place by corks fitting the inlet and outlet water boxes. The positions 
of these thermometers should be interchanged every month. The 
thermometers for reading the temperature of the air near the instru- 
ment and of the efiiuent gas should be divided on the centigrade scale 
into degrees. 

The flow of air to the burners is determined by the degree to 
which the passage is restricted at the inlet and at the outlet. The 
blocks C which determine the restriction at the inlet are made of 
metal ^ inch or about 5 millimeters thick, while the holes round the 
lid which determine the restriction at the outlet are five in number 
and are |ths inch or 16 millimeters in diameter. The thermometer 
used for finding the temperature of the effluent gas is held by a cork 
in the sixth hole in the lid so that the bulb is just above the upper 
coil of pipe. 

The calorimeter should stand on a table by the side of a sink so that 
the condensed water and hot water outlets overhang and deliver into 
the sink. A piece of india-rubber tube reaching nearly to the base 
should be attached to the waste water-pipe, so as to avoid splashing, 
and another piece may conveniently be slipped on to the condensed 
water outlet so as to lead the condensed water into a fiask, but care 
should be taken that the small side hole is not covered by the tube. 
A glass vessel must be provided of the size of the vessel D containing 
water in which is dissolved sufficient carbonate of soda to make it 
definitely alkaline. The calorimeter after use is to be lifted out of 
its vessel D and placed in the alkaline solution and there left until it 
is again required for use. The liquid should not, when the calorimeter 
is placed in it, come within two Inches of the top of the vessel The 
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liquid must be repltsnisbed from to time, and its aJkolinitj must be 
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Calorific Power of Gas. 

ifORM WITH BZAMPLR OF CALCULATION («M p. 418). 



Water. 



Inlet. 



8-46 



8-46 



8-47 
846 



Oatlet. 

ss-nr" C. 

'23 
'23 
'21 
'22 
'23 
'23 

'23 

'22 
•21 
'23 
'24 

'24 
'24 



5) 3-41 

3) '682 

33-23 
8-46 



24-77 



Air. 

x 



Time by Stop Clock. 



f > 

Inlet. Oatlec* 4 minutes 2 seconds « 242 

16° C. 12* C. seconds. 

One-sixth difference » 0-6, 

Barometer, j9P'9 inches ... ) Tabular 
Meter thermometer, 6CP F. j number = '997, 



Water collected, 2-080 litres. 
Condensed water in 20 minutes 
1200 seconds, 40'3 cc. 



liOg. 

Log. 
Log. 

Log. 



24'77 ^ 1-3939 

3 = '4771 

2-080 = '3181 



21891 
'997 = 1-9987 



Log. 1660 
Subtract 0-6 



= 21904 



164'6 8 Gross calorific power. 



Log. 
Log. 



40-3 = 
242 = 



Log. 1*86 
Gross 164'6 



1606 
2-384 

•270 



Log. 1200 B 3-079 
Log. '997 = 1-999 



3078 



4-269 
3-078 



Log. 16-2 = 1-181 



139-3 s Net calorific power. 
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GAB KE7BKIEB' nUTDAKO 
BttBHEB. 

(Applicable to the Old 

The burner Trhich baa been adopted aa 
the Standard Burner for testing gaa was 
dedgoed by Mr. 8«gg, and waa called by 
him " Bngg'a London Atigand, So. 1." 

A half-Hied section ia appended, fn 
which A. repreBenta a eapply pipe, B the 
fnltery, C t he cone, D the aleatite chauber, 
E the chimney. 

The following are the dimensions o( 
those pfirts of the bnmer upon which its 
action depends : — 

Diameter of supply pipes . , . O'OS 
Bitccnal diameter of annular 

steatite chamber 0-84 

Internal diameter of do. . . . 0'48 

Number of holes 'it 

Diameter of each hole .... 0-045 
Internal diameter (rf cone : — 

At the bottom 1'5 

At the top 1-08 

Height of upper anrface of cone 
and of steatite chamber above 

floor of gallery 0-75 

Height of glass chimney . . . G 
Internal diameter of clumney . 1-876 
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OI.088ABT OF TEBMS IK USE IK GASW0BX8. 

(Sugg.) 



English. 


IVench, 


Oermari, 




Air. 


Luft. 




Cendre. 


Asche. 


hide of carbon. 


Bisulphure de car- 


Doppelt Schwef elkoh- 




bone. 


leustoff. 


r. 


Bee. 


Brenner. 


e. 


Bougie. 


Eerze. 


3l. 


Cannelcoal. 


Kannelkohle. 


>n di-oxide. 


Acide carbonique. 


Kohlensauer. 


»n mon-oxide. 


Oxyde de carbone. 


Kohlenoxyd. 


Iron. 


Fer fonte. 


Gu88eisen Roheisen. 


int. 


Ciment. 


Cement. 


iney (lampV 


Chemin6e verre. 


Lampenglas. 


■ 


Argile. 


Thon. 


» 


Houille charbon. 


Steinkohle. 


i. 


Coke. 


Coke. 


auster. 


Extracteur. 


Auszicher. 


brick. 


Brique refractaire. 


Chamottestein. 


clay. 


Argile „ 


Chamotte. 


fittings. 


Appareils k gaz. 


Gaseinrichtung. 


kiolder. 


Qazomdtre. 


Gasbehalter. 


holder curb. 


Comi^re. 


1 


kitchener. 


Cuisini^re k gaz. 


Gas-kock und Brat- 
Herd. 


1 main. 


Tuyau k gaz. 


Strassengasrohr. 


I pipe. 


Conduit k gaz. 


Gasrohr. 


3 stoye. 


Foumeau k gaz. 


Gasofeu. 


sworks. 


Usine k gaz. 


Gasaustalt. 


drogen. 


Hydrogene. 


WasserstoflE. 


.et pipe. 


Tuyau d*entr6e. 


Einflussrohr. 


m. 


Fer. 


Eisen. 


>mp. 


Lampe. 


Tiamp. 


me. 


Chaux. 


Kalk. 


aish gas (methane). 


Gaz de marais. 


Sumpfgas-Grttbengas. 


eter. 


Compteur. 


Gasuhr. 


itrogen. 


Azote. 


Stickstoff. 


utlet. 


Sortie. 


Ausfluss. 


ude of iron. 


Oxyde de fer. 


Eisenoxyd. 


lygen. 


Oxyg^ne. 


Sauerstoff. 


itch. 


Brai. 


Pech, 


tessuie register. 


Mouchard. 




letort. 


Comue. 


Betorte. 
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English, 
Shade. 
Sheet iron. 
Sperm candle. 
Sperm oil. 
Standard light. 
Steam. 
Steel. 
Stop-cock, 
Sulphur. 

Sulphnretted hydro- 
gen. 
Tallow. 
Tap. 
Tar. 
Valve. 
Water. 
Wax. 
Wood. 
Wrought iron. 



Ib'ench. 
Abat-jour. 
Tole. 

Bougie de Bpermaoeti. 
Huile de baleine. 
Etalon photometrique. 
Vapeur. 
Acier. 
Bobinet. 
Soufre. 
Hydroghie sulfur^. 

Suit 

Bobinet. 

Goudron. 

Valve. 

Eau. 

Cire. 

Bois. 

Ferbattn. 



Lichtfichinn. 

Schwarzes Blech. 

WaliathliKht. 

Waliatboel 

Nonoallicht. 

Damp! 

Stahl 

Habn. 

Schwefel 

SchwefdwaBBentoS. 

Talg. 

Hahn. 

Theer. 

VentiL 

Wasser. 

Wachs. 

Holz. 

AbschlageifleiL 



INDEX. 



ABSORBING hydrocarbons, 826 
AbsorpfiTe power of solids. 389 

lime, 278, 872 

water, 196, 374 



Absorption of coke, 282 
— .^— . heat by air, 248 

' Ught by globes, 809 

Weldon mud, 274 

Abutments of arches, 148 
Accumulator ram, friction of, 151 
Acetate of lead test pai>ers, to prepare, 

342 
Acetylene absorbed by water, 891 

and air, 890 

iron burners, 891 



description of. 891 
explosive mixtures, 891 



for gas engines, 890 
— , illuminating value of, 858 

in coal gas, 891 

, lighting power of, 891 

, quantify from carbide, 891 

, testing for, 878 

, toxicity of, 391 

, value as enricher, 390 

under pressure, 891 

Acid In scrubbers, 263 

, standard solution of, 843 

, 10 per cent specific gravity of, 875 

Action in sulphided lime purifiers, 273 

of lime on H2S, 272 

oxide on H2S, 269 

Admitting air in third purifier, 275 
Advantages of tar firing, 242 

turned and bored pipes, 

292 
Aggregate for concrete, 78 
Air and acetylene, 890 

- blast for water sas, 898 
-^ carburetted wiu tar, 275 

- compression, 246 
— , dry, weight of, 828 

— , effect on illuminating power, 244 
— , flow of, in pipes, 281 

- for removing bad smell ttom lime, 274 
r- in purification^ 274 



Air in smith's forge, 229 

sulphided purifier, 275 

— , liquid, density of, 828 

— , pressures of, 828 

—• required for combustion of coal, 816 ; 

of other ftiels, 259, 846 
ftimaces, 155, 244; for 

lights, 811 
— , specific heat of, 241 
— t speed of sound in, 828 

— valves for purifiers, 201 

— vitiated by lights, 805 
— , volume of 1 lb., 827 

— , with all lime purification, 274 

sulphided lime, 278 

Weldon mud, 274 

Alcohol vapour in mains, 802 
Ale and beer measure, 44 
Allport's waterproof roofing, 80 
Allowance for lap of plates, 218 

snow on roofs, 79 

waste on rivets, 218 

wind on roofs, 79 



Alloys, melting points of, 250, 885 
Aluminium,.1oIning, 229 
American w&e gauges, '96 
Ammonia at outlet of scrubbers, SM6 

combinations, 264 

gas, tension of, 268 

in crude gas, 285 

process of purification, 201 

removal, 196 

removed by scrubbers, 262 

required for purification, 268 

test solutions of, 843, 344 

, to prevent loss of, 265 

, yield of, 288, 262 

Ammoniacal liquor, analysis, 264 

' , contents of, 268 

on Oxide, 275 

Amount of hydrocarbon for enriching 

889 

gQlphAte from liquor, 404 

Amyl-acetate standard, 870 
Analysing flue gases, 240 
/^jualyfAa of ammoniacal liquor, ^Q^ 
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Anftlytls of anthracite, 881 
brick-clay, eo 

bog ore, 267 

carburetted water gaa, 802 

coal, 260, 880 

coke. 241 

■ carburetted water gas, 895 

Dinaii bricks, 152 

granite, 76 
eating gases, 894 
Londou gas, 849 

oil gas tar, 896 

petroleum, 886 

purified Lowe oil gas, 892 

spent oxide, 269 

tar, 407 

• water gas, 892, 896 

Weldon mud, 274 

Andrew's patent ftiel, 260 
Anemometers, 217 
Angle irons, 142 

or steel stmts, 140 

, purlins, 142 

and steeU, weight of, 91, et . 

Angles of catting tools, 228 

repose, 62 

Aniline, to produce, 409 
Annular condensers, 164 
Anti-dip pipes, 160, 254 
Anti-fteezing mixture, 821 
Anthracite coal, analysis of, 881 

for water gas, 898 

Apothecaries' weight, 42 

Aqueous vapour, calculating for, 865 

from burners, 808 

. , tension, 826 

, weight of, 827 

Arc of circle, 41 

Arch pipes, curves in, 160 

Arches, abutments for, 148 

, depth of, 143 

Area of condensers, 163; of flanges to 
girders, 182 ; of foul main, 160 ; of 
oval, 41 ; of purifiers, 197 ; of retort 
houses, 164 ; of retort house chimneys, 
158 ; of roof, to calculate, 78 ; of seg- 
ment, 41 ; of tar and liquor tanks, 165 ; 
of workshops, 228. 

Areas covered by light, 868 

of circles, 24 

washers and scrubbers, 196 

Argand burners for testing gas, 867, 425 

, supply pii^es to, 308 

, flames of, 861 

Argon, 858 

Arrangement of flues, 157 
Arrangements of purifier connections, 199 
Ascension pipes. Jointing, 160 

, temperatures in, 247, 



254 



246 



, thickness, 159 

, to cure when stopped, 



Ash, to estimate, 881 
Ash-pans, water in, 248 
Asphalt for roads, 146 

for tanks, 209 

Asphalted felt, 80 
Atmosphere, composition of, 828 
Atmospheric condensers, 168 
Atomic heat, 840 

specific heat, 886 

Attrition metal, 99 
Average yield of tar, 407 
Avoiding loss in cupping, 209 
Avoirdupois weight, 42 
Axle tests, 149 



BABBITT metal, 99 
Backing of tank walls, 204 
Balance holder, 165 
Ballast burning, 65 
Balloons, 318 

Barometrical pressure, correcting for, 8 
Ba304 into grains sulphur, 383 
Bath stone piers, safe load on, 75 

, weight of, 76 

Battens, 82 

Batter of chimneys, 179 

Beams, cast-iron, 137 

, pine, safe load on, 84 

, pitch pine, 85 

, relative strength of, 138 

, resistance of, 136 

Bearing power of ground, 202 

surface for girders, 182 

Bearings, span between, 183 
Deckton purifying method, 374 
Beer measure, 44 
Belting, leather, 187 

, preservation of, 187 

, stren^ of, 188 

Belts, proportions of, 188 

, width of, 190 

Benches, covering for, 154 

, tie-rods for, 154 

Bending glass tubes, 324 

—- moment of standards, 228 

Bends, dimensions of, 116 

, force tending to drive off, 291 

Benzene as an enricher, 801 

, boiling point, 888 

, compared with napthalene, 887 

, enriching power of, 388 

, Ac, dissolving power of water, 



388 



-, feezing point of, 388 

- from gas, 388 

- in coal gas, 325 

-, specific gravity of, 888 

-, testing, 890 

-, vapour tension of, 887 



, weight of, 160 

Ash in coke for ftimaces, 241 
— ttom Newcastle ooal, 261 



Benzol as an enricher, 388 

dissolving sulphur, 801 

, enriching power of, 301 

, stability of gas with, 387 

vapour retained by gas, 801 

Best heats for carbonising, 284 
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Beet heats for cooUng, 817 
Birmingham gauges, 96 
Bituminous coal, composition of, 251 
Bhist mains for water gas, 893 
Blocks, cement, 74 

in cups of gasholders, 224 

Block tin tube, weight of, 124 
Blowers for water gas, 898 

Blue flame at outlet of flue, 242 

Board of Trade regulations for bridges, 

138 

thermal unit, 340 

unit of electricity, 89 

Boards for scrubbers, 195 
Bog ore, analysis of, 267 
Boiled linseed oil, 77 
Boilers, 166, 176 

, chimney area for, 176 

, chimneys for, 176 

, designing data for, 171 

, dimensions of, 170 

, draught for, 176 

, feeding, 260 

» , fire grate area, 178 

, flaws in plates, 175 

, flues for, 176 

, flue gases, 261 

, for steam heating, 816 

, ftamaoe tubes, pressures on, 174 

, horse-power of, 174 

, Lancashire, 178 

, losses in, 169 

f oyerheating, 175 

, rivets for plates, 175 

, proportions of, 170 

, settings for, 176 

, shafts, settling, 181 

, size of chimney for, 178 

, steam pipes for, 182 

, superheaters for, 176 

, to prevent incrustations in, 261 

, water tube, coke fired, 175 

Boiling points, 835 

of benzene, 888 

enrichers, 386 

ethane, 358 

Bolt centres in angle irons, 142 

heads, weight of, 102 

threads, Whitworth, 126 

Bolts and nuts, proportions of, 102 
, strength of, 108 

Bond, English. 70 

, Flemisn, 71 

, hoop-iron, 67 

Books damaged by gas-light, 801 

Boring for tanks, 202 

Box mplates, sizes and weights, 97 

Boxing round valves, 166 

Boyle's law, 805 

Bjys' calorimeter, 480 

Brake horse-powar, 160 

Brass, sheet, weight of, 124, 180 

Breaking Joint in gasholder sheets, 210 

-^^— — strength, 101 

weight on steel Joists, 188 

Breeze as fuel, 282, 242, 817 



Briok-clav, analysis of, 09 

columns, strength of, 08 

Joints, strength of, 72 

pillara, 69 

tanks, 206 



Bricks, cohesive force of, 208 

> Dinas, analysis of, 152 

, good, to tell. 69 

, quality of, 67, 69 

Bricklayer's hod measurement, 78 

, work of, 72 

Brickwork, 66 

in cement, safe load on, T5 

material, size of, 67 

, weight of, 67 

supporting retorts, 155 

, weight of, 69 

Bridges, Board of Trade regulations, 188 

, wrought-iron, weight of, 141 

Briquettes, 817 

of coke dust, 242 



British thermal unit, 166 
Broken pipe mending, 292 
Bromine, to prepare, 844 
Brown's gas-making process, 887 
Buckstaves, 154 
Building Act, Metropolis, 72 
chimneys, 158, 181 



Bunsen burner, mixing gas and air in, 812, 
817 

flame temperature, 857 

Burners, aqueous vapour from, 808 

, comparative duty fh>m, 348 

, efiiciency of, 848 

of Dibdin's standard, 869 

, number required, 811 

, products of combustion ttom, 



306 



tips, 808 



Burning clay, 65 

of candles, correcting for, 861 

Bunting force of water, 203 

strengUi of boiler shell, 178 

Bye-pass to gasholders, 212 
Bye-passes in works, 165, 196 
Bye-passing condensera, 258 

CAKING of coal, 880 
Calcic carbide, pressure firom, 891 

specific gravity, 891 

^— . for power, 176 

Calculating comparative lights, 859 
hone-powera, 166 

indicated horse-powers, 169 

roof areas, 78 

size of ezhaustera, 168 

strength of tank walls, 207 

Calories, 840 

Calorific power developed by steam 
engines, 191 

of Dpwson gas, 817 

value for iUuminating, 860 

of carbon, 156 

coal gas, 840 

coke, 260 

to test, 417 
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Caloriflc Talne of gueg, 815 

-^ — ■ gas in bnmeni, 815 

GalorimeteE, Hahlers's, 249 

> Boys', 490 

Camber in girders, 182 
Candle balance, 860 

ends in photometers, 800 

Candles, old, 861 

y per gallon, 885 

, standard, 860 

Cannel, as an enricher, 886 
Cantilever tyi>e gasholders, 228 
Capacities for pumps, 185 

of circulating tanks, 192 

meters, 821 

scrubbers, 195 

station meters, 229 

Capacity, measures of, 44 
Carbide, yield of, 890 
Carbon atoms in enrichers, 801 

bisulphide, 278 

, calorific yalue of, 156 

di-oxide, action of lime on, 272 

, causes loss of light, 847 

, description of, 852 

in boiler flues, 261 

-water gas, 894 

, per minute of run, 895 

produced by gases, 831 

lights, 805 



, reduction of illuminating 

power by, 267 

, removal of, 271 

, testing for, 878 



- escaping unconsumed, 807 
-, heat energy of, 841 

, units fh}m, 244 

- in coke, 882 

ftimaces, 241 

retorts, 247 

sloping retorts, 247 



monoxide, diluting effect of, 255 

, water in, 894 

Carbonic acid, effect on rabbits, 899 

Carbonising, 283 

at different temperatures, 



286 



high temperatures, 238 



-, best heat for, 284 
-, labour required for, 245 
tar, 251 



Carburetted water gas, analysis of, 852, 

892 
, heating value of , 

399 
^ length of flame 

with, 899 
Carburetting air with tar for purification, 

275 

for testing, 870 

Carburettor for water gas, 898 
Carburine, condensation with, 402 

, quantitv required, 886 

, retained by gas, 886 
Carcel standard, 870 
Care of gasholders^ 879 



Carriages to gas1iold«n, 224 
Carrying capacity of pipes, 286 
Case hardening, 100 
Cast-iron beams, 00, 187 

columns for gasholders, ao 

girders, 188 

pipes, coating for, 128 

— , weight of, 114, 281 

1 as Orders, 144 

Casting pipes, 288 

Castings, contraction of, 99, 220 

Catch purifiers, 271 

Cause of napthalene, 801 

Caustic lime, to test, 872 

Ceiling, reflecting power of, 807 

Cement and sand, strength of, 72 

blocks, 74 

bricks, strength of, 68 

, coefficient of expansion of, 74 

for repairing pipes, 292 

rust joint, 127 

, Portland, use of, 78 

-, Roman, 74 



Chains, equilibration, tor gasholders, Sll 

, notes on. 111 

, strengths of, 109 

Chalk, lime made from, 270 

, value of, 270 

Changes of wood to coal, 881 
Channel iron curbs, 224 
Charcoal, wood, gas from, 252 
Charges, deep, 288 

, 6-hour, and 4-hour, 288 

Charging, heat lost during, 244 

, time required, 246 

unevenly, 288 

Charles' law, 882, 866 

Cheapest curb, 218 

Check purifiers, 271 

Checker work in water gas plant, 894 

Chimney area for boilers, 176 

as ventilating flue, 306 

dimensions, 177 

Chimneys, batter of, 179 

, Board of Works rule, 178- 

, building notes, 181 

, coal consumption, 178 

, division walls in, 158 

, draught in, 168 

, power of, 179 

, fire-brick lining to, 179 

for boilers, 176 

products works, 404 



-, heat at exit of. 181, 261 
-, lightninff conanctors for, 159 
- near buildingB, 158 
-, proportion, 177 
-, retort house, 168 
-, vacuum in, 159 
', velocity of gases in, 179 
wind pressures on, 179 



Circle, arc of, 41 

. properties of, 41 

Circles, areas of, 24 

, circnmferenoes of, %i 

Ciicqlar retorts, 166 
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Cbcniar saws, rate of, 228 
GircQlaUng tanks, capacities of, 192 
Circumferences of circles. 24 
Clans process of purification, 201 
Clay burning, 65 

for bricks, analysis of, 69 

, safe load on, 75 

retorts, 165 

, gas lost tram, 244 

, fife of, 228 

Clearing napthalene fi*om condenser.^, 

266 
Climatic effects on distillation, 289 
Clinkering, 243 
Clinkers in concrete, 209 
Coal, analysis of, 260 

, bituminous, analysis of, 380 

, calorific power of, 842 

consumed by chimneys, 178 

o^— , consumption of, in trains, 282 
f conversion on carbonising, 251 

dust in air, 329 

, evaporative power of, 176 

, experiments on, 882 

, exposed to air, 281 

gas, acetylene in, 891 

compared with Dowson gas, 400 

, loss by compression, 408 

, refrigerated, 401 

handled by stokers, 246 

, igniting point of, 282 

, measurement of, 145 

, moisture In, 251 

, nitrogen in, 265 

, per-centage of, in use, 250 

, products of distillation, 235 

, required in ftirnaces, 244 

, soot from, 817 

, space occupied by, 145 

, to obtain specific gravity of, 880 

stacking, 281 

storage, 145 

tie-rods in, 146 



stores, notea on, 148 
tar constituents, 406 
distillates, 406 



testing, 881 

, to ascertain if good, 252 

— — used to fire retorts, 239 

, various, weight of, 146 

, ventilation of, 145 

Coating for gasholders, 280 

plpaSy 128, 291 

service pipes, 292 

Cochineal, to prepare, 843 
Coefficient of exx>ansion of cement, 74 

gases, 832 

— — metals, 834 

fHction, 186 

linear expansion, 89 



Cohesive force of bricks, 208 

resistance of tank walls, 203 

Coke, absorption of, 282 

, analvsis of, 241 

«— breaker, breeze from, S82 



Coke, contents of, 244| 882 

drawn easily, 244 

fired water tube boilei 

for boiler in water gas 

Dowson gas, 401 

furnaces, ash in, 24 

generator, 394 

from Peebles process, 4 

, hard, to obtain, 244 

in scrubbers, 195 

, measurement of, 145 

, moisture in, 244 

, organic matter in, 243 

removed by conveyor, 15 

stacking, 282 

, to estimate, 881 

used to fire retorts, 239 

, water required to slake, 2 

, weight of, 145 

, yield of, 244 

Collapsing pressure of boiler tub 
Colour of gas purified by oxide, 2 

test, Harcourt's, 376 

Coloured lights, 811 
Colours for drawings, 60 

of different temperatures. 

Columns, gasholder,, strength of, i 

of brick, strength of, 68 

, resistance of, 223 

Combination of nitrc^en in coal, Si 
Combining effect of ammonia, 268 
equivalents of ammoni 

sulphuric acid, 404 

power of oxide, 268 

weights of elements, 822 

Combustion, conversion of sulphur 



882 



quired, 259> 805 
gases. 



• , gaseous products from, 

- or fuels, 269 

, air or oxygen 



882 
328 



temperature 



-, oxygen required to suppo 

-, products of, 856 
-, to find heat of, 347 



Commercial benzol, 889 

Comparative cost of different lights, 818 

duty of burners, 348 

pressures, 299 

prices of French and Bnglisl 

gases, 804 , 

strengths of metals, 180 

weights of metals, 128 

C<imparison of engines, 401 

Weldon mud and oxide, 274 

wind pressures on circular 

objects, 219 

Composite pipe, weight of, 128 
Composition of cast iron, 99 

• fire-clay, 152 

ftiels, 882 

gas after scrubbers, 266 

' at different heats, 207 
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Composition of natonl gas, S51 
. producer gases, 241 

purified gas, 277 

, . the atmosphere, 828 

Van Steenburg gas, 400 

— water gas, 861 

Compressed air, 246 

- in retort lionses, 154 

Compressing coal gas, 408 
Compression, contraction of iron oy, 218 

in gas engines, 190 

of earths by head of water, 



Consumption per head, 151 

. of coal in trains, 282 

fuel per I.H.P., 176 



207 



— generator gas, 401 

- Pintsch gas, 402 
strains in curbs, 224 



Concrete, 65 

, aggregate for, 73 

, clinker in, 209 

, fire-bricks in, 209 

, mixing, 78, 209 

, strength of, 76 , ^^ 

■ — tanks with iron bands, 207 

, volume of spaces in, 74 

water required for, 74 

, water-tight, 207 

Condensation, effect of, 265 

of steam, 182 

, speed of, 164 

— under pressure, 165 

. — with carburine, 402 

Condensed gas, impurities in, 266 
Condensers, 168 

. , areas of, 163 

. , best temperature for, 265 

■, bye-passing, 258 

. , doing without, 255 

• for water gas, 393 

in sulphate ^lant, 404 

, loss of heat m, 164 

mains, faU in, 165 

, temperatures in, 254 

, valves for, 164 

Condensable vapours in hydraulic mains, 

254 
Condensing, 255 

acetylene, 391 

below 60° P., 256 

— — thoroughly before scrubbers, 

256 

water gas, 306, 396 

Conducting power of solids, 838 
Conductors, lightning, 181 
Connecting services, 296 
Connections, bye-passes to, 196 

, dimensions of, 116 

, linding leaks in, 194 

for pumps, 184 

in works, size of, 162 

to purifiers, 198 



— gas per head, 819 



Contact of gas with water, 279 
Contents of ammoniacal liquor, 263 

pipes, 90, 281 

Continuous girders, 139 
Contraction of castings, 99, 229 

holders on rising, 226 

— iron by compression, 213 

Conversion of coal on carbonising, 251 

. sulphur on combustion, 382 

Converting per cent, to cubic inches per 

gallon, 878 
Conveyor, saving by, 152 
Cooking, best heats for, 317 

, gas required for, 814 

Cooling gas engines, 192 

excessively, 255 



, weight of, 116 



Constant level water gauges 

meters, 819 
Constituents of coal tar, 406 
Construction of purifiers, 198 
Oonsunption in gas engines, 19« 



for station 



surfaces for condensing, 168 



Coping, 72 

Copper, expansion of, 218 

nails, weight of, 98 

pipes, weight of, 124 

Cork reftise, gas made from, 258 
Comers in English bond, 70 

Flemish bond, 71 

Cornish boilers, proportions of, 170 
Correcting by tabular numbers (diagram), 

for aqueous vapour, 865 

— barometrical pressure, 865 

. rate of burning of candles 

(diagram), 362 ; rule, 361 

———gas (dia- 
gram), 364 ; rule, 363 

— ^ temperature, 865 

and pressure. 



366 

Corrugated iron, weight of, 98 
Cost of brickwork tank, 203 

enrichment, 885 

fitting gas to railway carriages, 

402 

gaRholders. 210, 219 

metal tanks, 208 

motors per horse-power, 315 

settings, 156 

six-lift gasholder, 219 

water gas, 399 

Covering power of paint, 76 

--1 sheet lead, 96 

varnish, 77 

tar and liquor tanks, 166 

Coverings to roofs, 79 

tops of benches, 154 

Covers for purifiers, 201 

Crane hooks, proportions of, 150 
Cranes, hydraulic, 151 
Crank shafts, diameter of, 187 
Creosote oil for exhausters, 258 
oripps on Pole's formula, 294 
CroU's sulphate plant, 404 
Crown, radius of, 225 

sheets, riyeting to trussing, 31 
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Crown sheets, thfclmesii of, 2226 

Crowns of gasholders, 218 

, strains on, with different 



218 



rises. 



Walker's rule, 214 



Crude carburetted water gas, analysis of, 
395 

gas, ammonia in, 235 

residuals fh}ni, 235 



oil, products of, 881 



Crushing, resistance to, 68 

stress on curbs, 227 

Cube roots, 1 

Cubes, 1 

Cubic feet to cubic metres, 58 

measure, 44 

metre gas in English money, 304 

metres to cubic feet, 59 

Cupolas for melting iron, 144 
Cupping, to avoid loss in, 209 
Cuprous chloride, to prepare, 344 
Cups and grips, 224 
Curb, best form of, 210 

, compression strains in, 228 

, crushing stress in, 227 

for trussed holders, 210, 213 

, steel, to gasholder, 211 

, weignt of, 244 

Curbs with two angles, 211 

Curves, elevation of outer rail on, 149 

in arch pipes, 160 

, resistance of, 149 

, to set out, 147 

Cutting tools, 228 

Cyanides, best temperaturos for, 366 

, reaction of, 196 

Cyanogen in coal gas, 265, 276 
, formation of, 266 

liquor, Prussian blue, 884 

, to recover, 265 

, when produced, 262 

Cylinders, enginefthickness of, 168 

, expansion of, 210 

, hydraulic thickness of, 151 

of wrought iron and steel, 

strength of, 171 

, size of, to drive exhausters, 168 

, steel, strength of, 172 

temperatures in, 168 



Cylindrical beam, strength of, 222 

DAMAGE to books by gas-light, 808 
Damp coals, sulphur from, 238 
courses, 66 

sand, resistance of, 204 

Danger of fire with liquor tanks, 165 
Daylight, power of, 307 

Dead loads in building, 87 
Deals, 82 

Decagon, length of side of, 41 
Decimals of a foot, 48 

hundredweight, 46 

mUe,47 

pound weight, 48 

— — tOD,48 



Decimals of a year, 47 

an inch, 47 

£1,46 

Decomposition by light, 860 

of water, temperature of, fi04 

Deep charges, 233 

Delivery pii>es for pumps, 184 

of high pressure gas, 285 

Delta metal, 99 

Density of liquid air, 828 

Depth for pipes, 291 

of arches, 143 

gas mains, 279 

lead in ordinary Joints, 285 

lifts, 212 

yam in pipe joints, 292 

Designing boilers, 171 

Detecting oxygen in coal gas, 378 

Determining caking of coal, 380 

Diagram for correcting by tabular num- 
bers, 368 

for rate of burn- 
ing of candles, 862 ; gas, 864 

Harcourt's colour test, 877 

of comparative prices of French 

and English gases, 304 

- number of feet for one penny, 



303 



tanks, 208 



rolled iron joists, 134 
-tabular numbers, 366 
■thickness of wrought-iron 

weight of pipes, 120 

- and pressures of gas- 



holdera, 221 

— showing sulphur from BaSO^, 



388 
Diagrams firom gas enp;ines, 191 

of distributing power of pipes, 

282 

Diagonal bracing to gasholder firaming, 

210, 220 
Diameter of crank shafts, 187 

exhaust pipes, 182 

Dibdin's pentane burner dimensions, 871 

standard, burner of, 369 

Dies, 228 

Different temperatures, coloun of, 248 

Diffusion of gases, 279 

Digging, 64 

Diluting effect of carbon monoxide, 255 

hvdrogen, 255 

Dimensions of bends, 116 

boilen, 170 

chimneys, 177 

dry meters, 320 

feed pumps, 186 

flanged connections, 118 

pipe flanges, 289 

pipes, 286 

rack and pinion valves, 298 

socket joints, 289 

station meters, 280 

turned and Dored pipWf 



289 



•wet meters, 819 
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DinM briclu. Analysis of, 162 
Dinsmore process, gas made by, 253 
Dip pipes, 160 

f jointing, IdO 

Direct fired settings, losses in, 239 
Discs fur pliotometers, 3d9 
Disillomined gas plus benzene, 302 
Dissolving napthalene, 301 

• in condensefs, 256 

Distance apart of slating latbs, 79 

for photometric standard, 359 

lights are visible, 310 

Distillates from coal tar, 406 
Distillation, fractional, 235 

, products of, 381 

~, coal, 235 

Distilling shale oQ, 385 

tar, results, 407 

Distortion of standards, 223 
Distributing hydraulic power, 151 

mains, 292 

— power of pipes (diagrams), 



282 



water in scrubbers, 195 



Distribution, 281 

of secondary air, 157 

District pressures, 300 
Dividing a line, 64 
Division waUs in chimneys, 158 
Divisions of photometer bars, 358 
Dodecagon, length of side of, 41 
Doing without condenser, 255 
Dowsou gad, coke ITom, 401 

compared with coal gas, 400 

, explosive force of, 400 

, gasholder for, 401 

, heating value of, 401 

in engines, 193 

per horse-power, 400 

producer gas, 400 

steam required in, 401 



Drains for retort houbes, 154 
Draught for boilers, 176 

in chimneys, 158, 117 

power of chimneys, 179 

Drawing coke early, 244 

paper, sizes of, 59 

Drawings, to colour, 60 
Drilling holes in mains, 291 
Drills, speed of, 228 
Drums of station meters, 230 
Dry measure, 44 

meters, particulars of, 320 

, tests of, 321 

Durability of water gas flame, 899 

test, 367 

Duty of various burners, 306 



EARTH backing, resistance of, 203 
Earths, natural slopes of, 62, 202 

, weight of, 62 

Earthy matters in lime, 270 

BflTect of air in purification, 274 

■ carbonic acid on rabbits, 399 



Effect of carbonic add on lolpUdfid Um 
purifiers, 278 

cold on tower ucmbljere, M2 

condensation, 255 

heat, 247 

onC0a,2» 

Hj8,235 

metals, lU 



273 



heating to 1,000°, 235 

heavy gasholders, 212 

HaS on snlphided lime pniifler, 

pressure on Hames, 856 

metcra, 321 

retorts, 244 



radial rollers, 211 

tangential rollers, 211 

temperature on scrabben, 262 

Effective heating duty of gas, 341 

pressure on pistons, 169 

Efficiency of incandescent burners, 348 
— non-conducting matecis^, 



182 



oil engines, 194 



Egner's method of preparing lime, 271 
Elastic force of aqueous vapour, 326 

strength, 101 

Elasticity, modulus of, 101, 143 
Electric lamps, incandescent, 318 
units. 89 

Electrical conductivity of metals, 96 

memoranda, 350 

Electricity damaging pipes, 291 

plants, losses in, 169 

Elementary bodies, 322 
Eliminating power of oxide, 268 
Engine journals, 186 
Engines, 166 

, coal required for, 176 

, comparison of, 401 

, crank shafts, 187 

, gas, 190 

, losses in, 160 

, oil, 194 

English bond, 70, 72 

Enrichers, boiling points of, 886 

, sulphur in, 886 

Enriching apparatus, position for, 4 

power of benzene, 801, W 

Peebles plant gi 

^ processes, 885 

value of oil gas, 886 

carbnretted. -wai 



396 
Enrichment, cost of, 386 

-, per ij^eLlloii, 385 

Equation of water gas prudnction, 
Equilibration chains to gasboldei 
Equivalent liquia measures, 56 

• measures of len^rtb, i 

— , mechaiiical, of ligbt 

■ normal solutions^ 3 

oflieat, 166 

weifplitSy 60 

Escape of CO in ordinary ttkmr i 
EstimatiDg ash, 881 
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Estiinatiiig ooke. 881 

salphnr in coal, 881 

temperatures, 240 

Ethane, boUing point of, 853 

, illaminating value of, 853 

Ethine, description of, 891 
Ethylene and oxy^n mixed, 887 

, description of, 852 

, illuminating value of, 853 

Evaporating with different qualities of 

gas, 356 
Evaporation of water, 882 

under fbmaoes, 155 

, power of coal, 250 

fuels, 259 



Evils of over-exhausting, 258 
Examining heat of retorts, 284 
Excavating, 64 
Exhaust from gas engines, 401 

pipes, 182 

ftt>m gas engines, 191 

, noises 
in, 192 
Exhausters, 166 

, horse-power required, 167 

, lubricaidng, 258 

, to calculate size of, 168 

Exhausting, 258 

at 12(r F. , 258 

, evils of over, 258 

Expansion and weight of water, 883 

by heat, 380 

— — in steam pipes, 182 

linear, coefficients of, 89 

of copper, 213 



cylinders, 210 
fiieezing water, 337 
gases, 823 

, coefficient of, 882 



iron, 218 

and cement, 209 

by tension, 218 



liquids, 832 

by heats, 838 



metals, coefficients of, 884 
oxide, 268 



Experiments on coal, 882 
Exploding coal dusl^ 829 
Explosions in water gas plant, 894 

with acetylene, 891 

petroleum vapour, 886 

Explosive mixtures, 191 

, force of, 829 

, kindling, 829 

, limiting, 829 

• , value of, 198 

power of Dowson gas, 817. 400 

Expulsion of burnt gases firom gas engines, 
191 o— o , 



' — gases lkt)m water, 196 

Extension of gasholder space, 210 
Eye, power of, 358 

FACING and pointing, 74 
Factors of safety, 89 
■ oa stones, 76 



Factory chimneys, 178 

floors, loads on, 8 

Fall in condenser mains, ] 

gutters, 80 

Falling water, horse-powe; 
Fall required in mains, 29: 
Fastenings for purifiers, 2< 
Feeding boilers, 260 
Feed pumps, dimensions ( 

water, heating, 261 

Feet for Id (diagram), 303 
Felt asphalted, 80 

, weight of, 80 

Ferrocyanide of iron, 276 
Finding leaks in counectio] 

mains, 29f 

proportions of enr. 



Fire bars, thiclcness of, 178 

, space between, 1 ! 

Fire-brick lining to chimne; i 
Fire-bricks in concrete, 209 

, safe load on, 76 

, test of, 158 

. weight of, 68 

Fire-clay blocks, weight of, I 

, composition of, 15S 

, notes, 158 

, specific heat of, 15S! 

Fire, danger of, with liquor i: 
Firegrate area in boilers, 17:! 
Fires, heats of, 817 
Firing, gaseous, 157 
Fittings for wrought-iron tul 
Fixing meters, 821 
Flame, gas, cause of luminoc 

temperatures, 854 

Flames, effects of pressure o 

in rare atmospheres. 

f oxygen required to c 

, theory of formation 

, temperatures of cha 

Flanged connections, dlmem 
Flanges, area of, to nrders, : 

for pipes, dimensioi 

of cast-iron tank?, i 

,proportions of, 122 

to purifiers, 198 

Flat plates, strength of, 143 
pointing, 74 

rolled iron, weight of, fl 

Flaws in boiler plates, 175 

Flemish bond, 71 

Floor Joists in basements, 82 

retort houses, 

Floors, loads on, 82 

, safe loads on, 78 

Flow of air in pipes, 281 
Flue gases in boilers, 261 

, proper proportio: 

Flues, arrangement of, 157 
, blue fljRme at outlet o: 

for boilers, 176 

— — gas stoves, 814 

, size of, 168 

, temperatures in, 154 

— >-, vacunin in, 241 
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Flux for soldering, 124 
Flywheels, safe speed of, 187 
Fog in photometer rooms, 358 
Footings, 65 

FootpaHis of tar concrete, 146 
Force of explosive mixtures, 829 

the wind, 215 

water (bursting), 208 

pumps, 186 

tending to drive off bends, 291 

Forcing gas down mains, 321 
Formation of cyanogen compounds, 266 
Formula, Pole's, Gripps on, 294 
Foot, decimals of, 48 
Foul main, area of, 160 

temperature, 160, 254 

Foundations, 64 

for boilers, 176 

tanks, 202 



in water, 65 
pressures on, 



65 



Fractional distillation, 285 
Freezing of water in tanks, 203 

mixtures, 387 

points, 838 

of benzene, 888 

French and English gases, comparative 

prices, 804 

words for gas apparatus, 487 

Friction, co-efficient of, 186 

in condensers, 165 

— — - of accumulator ram, 151 

to separate tar, 159 

Front walls to benches, 155 
Frost, action on mortar, 74 

in tanks, 279 

Fuel, Andrew's patent, 260 

, composition of, 882 

, consumption per I.H.P,, 176 

, depth of, 157 

, evaporative power of, 259 

in generators, 893 

of breeze, 817 

, petroleum as, 176 

, required for water gas, 894 

sulphate plant, 405 

Fuels, air required for, 346 

, combustion of, 259 

f space over, 155 

, heating power of, 260 

, temperature to convert to (X), 240 

Furnace efficiency, to estimate, 155 

flue seams for boilers, 176 

Furnaces, air required in, 155, 240, 244 

, Gin, 241 

• , coal required in, 244 

. , generator, 157 

, labour required for, 245 

. , regenerative, 157 

, repair of, 248 

, temperature, to find, 249 

, water evaporated by, 248 

Fusible alloys, melting points of, 250 
Fusing point of napthalene, 256 
Fusion, latent heats of, 838 
-, temperatures of, 250 



GAIN with gaseous fuel, 241 
Galvanised slate nails, 96 
Gas, analysis of, 849 
-— and au* m burners, 812, 847 

, benzene firom, 888 

, carburine retained by, 886 

— delivery at high pressure, 285 

discharged through mains, rules, 281 

, effective heating duty of, 841 

engines, 190 

^, acetylene for, 890 

, consumption in, 193 

, diagrams, 191 

, exhaust, 401 

pipes, 191 

for tramcars, 192 

, heat units lost in, 198 

, horse-power of, 191 

, mechanical efficiency of, 191 

, meters for, 192 

, pressures in,. 190, 401 

, scavenging, 193 

, starting, 193 

, stopping, 193 

-, thermal efficiency of, 166 



enriched per gallon of oil, 885 

evaporates gasolene, 402 

flames for ventilation, 811 

for motive power of different 

illuminating powers, 840 

lh)m condensers, analysis of, 256 

iron and steam, 386 

wood, 887 

charcoal, 252 



, heat units &om, 840 

heating before combustion, 808 

^.illuminating power of, given 

table, 426 

in gas stove flues, 814 

irenerator furnaces, 240 

, lifting power of, 318 

, specific heat of, 336 

, to obtain specific gravity of, 354 

weight of, 354 



in 



, velocity of, in chimneys, 179 

in railway carriages, 402 

leaving retorts, 253 

liquor, testing for COg, 374 

— — free ammonia, 374 

lost from clay retorts, 244 

made ttovd cork refuse, 253 

by Dinsmore process, 253 

from peat, resin, sawdust, 253 



mains, depth of, 279 

mii-Tring process, Browne's, 887 

meter unions, 820 

oxygen required for combustion, 305 

pas^ through sawdust and sulphur. 

267 
small orifice, 256 

, pressures of, 323 

gtove notes, 814 

supply pipes, 815 

suction producers, 403 

, supply required or cooking. 81* 

tubfcg, weight of, 29? 
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Ing, 302 
I a tar aeal . 258 
lib mineral oiL 885 
«, 151 

standard burner 48i> 
ion« 412 
. 157 

gain with, 241 
acts from combustion, 840 
on of, 279 

11, to ascertain weight, 214 
kre of, 279 
irriagiBS, 224 
>lumnB. strength of, 222 
antractton of on llfUng, 226 
Bost of, 210, 219 
curbs trnmed, 210 
Bquilibration chaina for, 214 
general notes, 210 
guides, 220 

, spiral, 220 

for Dowson gas, 401 

In gales, 279 

Joints, strength of, 226 

of cantilever typ^i 828 

painting, 212, 279 

pressure of, 214 

pumps, 209 

sheets, rivets required for, 

side sheets, thickness of, 212 
single Uft, 210 
struns on top sheets, 210 
-, Wyatt's rules, 225 



tanks, 202 

-, frost in, 279 



to increase weight of, 210 
trussing, 212 
weight of, 214 

(diagram), 221 



302 

evaporated by gas, 402 
ercury, 357 
■essure, 367 
dsciinals of 1 inch, 89 
ope, 189 

for water gas, 393 
foruaces, gases in, 240 
gas compression of, 401 
gases, proportions of GO, in, 242 
heat produced in, 158 
setting, 157 
■8, fuel in, 893 
-, temperatures in, 393 
rords for gas apparatus, 487 
irea of flanges to, 132 
earing surface for, 132 
amber on, 182 
ast iron. 188 
ontinuous, 189 
elative strength of, 138 
;bickne8s of web plates for, 130 
(rronght iron, notes on, 189 
eet, thickness of and weight of, 

be, to bend, 824 



Olobes, absorption of light bj, 809 
Glossary of termfl, 487 
Glycerine for meters, 821 
Governor bell area, 821 

cones, 821 

Grabs, saving by, 162 
Graduating photometer bars, 350 
Grains sulphur from grains BaSO^ 

(diagram), 388 
Granite, analysis of. 76 

piers, safe load on, 75 

Grammes, &c, to convert, 58 
Grates, heat evolved by, 816 
Gravel, safe losd on, 75 
Grips and cups, 224 
Ground area required, 151 
, bearing power of, 202 

under mains, 291 

Grouting in steel tanks, 208 
Guide fhiming notes, 220 
rollers. 224 

Gun cotton, neat of explosion, 829 
Gussets to gasholders, 210 
Gutters, fkll in, 80 
Gyration, least radius of, 141 



HALF-round iron, weight of, 180 
Handholes in nydraulic mains, 159 
Harcourt colour test, 376 
Harcourt's pentane unit, 869 
Hard coke, to obtain, 244 
Hardening tools, colours of, 100 
Hartley on testing station meters, 819 
EUiunching, 229 
Head of water, 800 
Heat absorbed bv air, 248 

at exit of chimney, 181, 261 

conducting power of solids, 888 

, eflTects of, 247 

equivalent, 166 

evolved by gaH flame, 808 

open grates, 816 

, expansion by, 380 

from 1 lb. of different substances, 

335 

in Peebles retorts, 402 

lost by unit of surface, 839 

when charging, 244 

of combustion of fuels, 269 

to find, 847 



retorts, to examine, 234 
secondary air, 241 



produced in generator, 158 
radiant, 89 

required to gasify tar, 402 
of different fires, 817 
specific, 88 
transmission of, 176 
units, 166 

evolved by substances, 841 

from carbon, 244, 897 

pas, 340 

hydrogen, 898 



generated by lights, 807 
lost in gas engines, 198 

QQ 



460 



INDEX. 



Heating and lighting by same gas, 856 

coal, to indicate, 282 

duty of gas, effective, 841 

. feed water. 261 

gases, analysis of, 895 

gas for combustion, 808 

power of fuels, 260 

surface for boilers, 178 

value of carburetted water gas. 



899 



Dowson gas, 401 



tieats, best for cooking, 817 
Height of lamps, 809 

lifts, 210 

purifiers, 201 

Hefher-Alteneck's burner, 870 
Hemp ropes, strength of, 109 
Heptane, 802, 853 
Hexagon, length of side of, 41 
Bigh-pressure pipes, thickness of, 289 

— gas delivery, 285 

temponatures, carbonising at, 288 

Hill's process, 265 

Hod, bricklayer's, meaanrementi 79 

Holes, drilling in mains, 2^1 

, leakage through, 292 

Hoop iron in tank walls, 206 

, weight of, 127 

Hoops to tanks, 205 
Horse-power of boilers, 174 

Dowson gas, 400 

falling water, 87 

gas engines, 191 

rope gearing, 189 



reqmred to pass gas, 
to raise water, 186 
— with town gas, 801 



100 



Horse-powers, to calculate, 166 
Horses, power of, 63 
Hot lime sulphided, 274 
Hourly make of gas, 287 

quality of gas, 288 

specilic gravity, 287 

Housing exhauster plant, 166 
Hundredweight, decimals of, 46 
Hydraulic cranes, 151 

mains, 159 

levelling, 159 

main liquor analysis, 258 

^— overflows, 159 

tar, 258 

supports, 159 

, temperatnire in, 254 

valves, 161 

, water in, 258 

water seals in, 160 

power, 151 

, distributing, 151 

rams, loss in, 88 



Hydrochloric acid, normal, 845 
Hydrogen, diluting effect of, 255 

escaping unconsumed, 807 

, heat umts from, 898 

, lifting power of, 818 

HaS, action of oxide upon, 269 
-~-, test for, 875 

IGNITING point of coals, 282 
Ignition of gas engines, 190 
Illuminating agents, relative values of, 

805 
power by calorific values, 
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flames, 868 



■firom equal areas of 

lost by air, 244 
-, table giving, 426 



value of acetylene, 353 

ethane, 853 

ethylene, 353 

methane, 858 



values of hydrocarbons, 855 

Impurities in condensed gas, 257 

crude gas, 285 

gas after scrubbers, 266 

Incandescent burners with gas and air, 

847 



electric lamps, 818 



pipes, loss of head in, 151 

cylinders, thickness of, 151 

Hydrocarbons, amount for enriching, 889 
-, temperature of produc- 



tion, 288 



-, to absorb, 826 

-, illuminating value of| 855 



Inch, decimals of, 47 
LH.P., to calculate, 169 
Indicating heating of coals, 282 
Indicators, to prepare, 843 
Inertia, moments of, 186, 144 
Inhalation of adults, 808 
Ii\jecting air into purifiers. 275 

oil in water gas plant, 898 

Inlet pipes to holders, 224 

Inner Uft, sUbility of, 224 

, stays, 211 

Inorganic matter in coke, 248 
Internal pipe fittings, size of JBOO 
Inverted arches, 66 
Iron angles, weight of, 91, etc. 

tees, weight of, 91, ate. 

bands in concrete tanks, SOT 

bars in concrete, 209 

burners and acetylene, 891 

chains, strength of, 109 

, contraction of, by oomprMsioii, 218 

, expansion of, 218 

,flat rolled, weisht of, 01 

, half-round, weight of, 180 

hoop, weight of, 127 

joists, 82 

pipes, weight of, 114 

retorts for tar carbonisation, 251 

, round, weight of, 131 

, square, weightlof, 181 

sheet, weighttof, 124 

tanks, 202, 203 

testing, 112 

tubes, safe pressure on, 174 

TET photometer, 261, 857 
O Joining aluminium, 220 

platinum, 220 
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f ointing for aflcenBlon pipes, 160 

mouthpieces, 164 

petroleum pipes, 897 

pipes with lead, 292 



Length of side of decagon, 41 

dodecagon, 41 



Joints in dip pipes, 160 

gasholders, strength of, 225 

stonework, 76 

of millboard, 292 

pipes, depth of jam in, 292 



weiKht of lead in, 288 
, testing with soap, 292 



Joists, iron, 82 

rolled iron, diagnun of, 184 

timber, 82, 187 

, sate load on, 86 

JovQe'slaw, 166, 340 

equivalent of heat, 166 

Journals, engine, 186 

and space between, 188 



KEBPINO right tenlperatm*e in puri- 
. fiers, 201 
Keys, proportion of, 187 
Kindling explosive miztores, 829 



ABOUR required for furnaces, 245 

to carbonise, 244 

Laming material, 274 
Lamps, height of, 809 
I^ncashire boilers, 173 

, proportions of, 170 

Latent heat, 838 

of evaporation, 386 

fusion, 338 

liquefiiction» 388 

Laths, angle iron, 142 

, for slatiug, distance apart, 79 

Latticed standaras, resistance of, 223 
Layers of material in purifiers, 198 
lisying lead, 80 

mains, 291 

permanent wny, 148 

slates, 78 

Lead jointing, 292 
' — laying, 80 

, — nails, 96 

pipes for services, 292 

pipe, weight of, 123 

sheet, covering power of, 90 

, thickness of, 80 

, usual thickness of, 80 

, weight of, 80 

test papers to prepare, 342 

— , to unite, 100 

— , weight of in pipe joints, 288 
— , white, to test, 77 
Leakage in district, 300 

through holes in plates, 292 

Leak, finding in mains, 292 
Leaks, in connections, to find, 194 

tanks, 205 

Least radios of gyration, 141 
Ln^h, measures of, 43 
of flame, 856, 399 



— hexagon, 41 
octagon, 41 



Levelling hydraulic mains, 156 
Liability of water to freeze in tanks, 208 
Lifting i)Ower of gases, 818 

purifiers, 201 

Lifts, depth of, 212 

Light absorbed by slobes, 809 
areas covered by, 358 
carbon di-oxide produced by, 805 
comparative cost of, 313 
decomposition by, 860 
from standard burner, 369 
heat units ^nerated by, 307 
lost by addition of air, 347 
mechanical equivalent of, 356 
minimum required, 307 
theory of, 354 
velocity of, 356 
Lighting and heating by same gas, 856 

power of acetylene, 391 

table, 309 

up water gas plant, 398 

Lightning conductors, 181 

for chimneys, 159 

Lime, absorptive power of, 278, 372 

, action on COa and HaS, 272 

, caking in purifiers, 270 

, combining with water, 271 

, earthy matters in, 270 

, increase of bulk when slaked, 271 

, made from chalk, 270 

, quantity required to purify, 270 

required for COa, 270 

sheds, 198 

slaking before use, 271 

testing, 372 

, thickness on ^ds, 271 

, water for testing, 342 

in, 271 



, weight of, 270 

, wet, for purifying, 271 

Limestone, value of, 270 
Limiting explosive mixtures, 329 
Limit of heat in settings, 240 

weights of wrought iron, 140 

Linear expansion, coefficients of, 89 
Line, to divide, 64 
Lining water gas vessels, 898 
Linseed oil, boiled, 77 

raw, 77 

Liquefaction, latent heats of, 888 
Liquid air, density of, 328 
fuel, 242 



measure, 44 

measures, equivalent, 66 

IJ'|isids, exx)ansion of, 382 

, by heat, 838 

Liquor, amount of sulphate fh;m, 404 
, analysis of, 264 

freed from COa, 268 

from condensers, contents of, 25d 

in hydraulic mains, 258 

scrubbers, 196 

QQ 2 
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Liqnor made firom coal, 165 

, ounce strength of, 376 

, standard test solution for, 843 

tanks, 165 

, testing for COa, 874 

free ammonia^ 374 

Lithium hydride, 858 
Litmus papers, 342 

to prepare, 343 

Load on roofs, 78 
, safe, on piers, 75 

rolled iron joists, 134 

Loads, dead, in buildings, 87 
, live, on buildings, 87 

on floors, 82 

Loam earth, resistance of, 204 
Locomotives, heated by petroleum, 244 

, tractive force of, 14s 

Logarithms, 1 

described, 23 

London gas, analysis of, 349 
LoDg measure, 43 

pipe condensers, 167 

Loss by storage, 279 

of ammonia, to prevent, 265 

head in hydraulic pipes, 151 

heat in condensers, 164 

when charging, 244 



gas in puiiflers, 267 

light through gas ti-a veiling, 301 

weight by stacking coal, 231 

Losses in boilers, engines, and electrici 

plants, 169 

direct fired settings, 239 

Lowe oil gas, analysis of, b92 
Lubrication for exhausters, 258 
Luminosity, cause of, in gas flame, 855 
Luminous effiect of flame areas, 814 
Lutes in purifiers, 198 

, steam in, 224 

Luting materials, 244 

MACHINE belting, 187 
stoking, space for, 163 

Mahler's calorimeter, 249 
Mainlaying, 291 
Mains, 281 

, coating for, 291 

, covered with felt, 291 

, depths for, 279 

, dimensions of, 286 

, drilling holes in, 291 

, fall required in, 291 

in works, of wrought iron, 165 

, small services from, 291 

, temperatures in, 300 

, testing in district, 291 

, with sleepers under, 291 

Maintaining flame at constant height, 367 
Maintenance of metal tank, 203 
Make of gaa per hour, 237 

liquor, 165 

Making oxygen, 276 

roads, 146 

sulphuric acid, 405 

Manilla ropes, strength of, 189 



Man power, 63 

Man's strength, 228 

Manure, sulphate as, 406 

Marks on photometer bars, 850 

Mariotte's law, 365 

Marsh gas, description of, 852 

, particulars of, 325 

Materials for luting, 244 

roof, weight of, 78 



required for railway, 14d 
settings, lb6 



weight of, 60 



Mathematical tables, 1 
Maximum wind pressure, 216 
Measurement of coals, 145 

coke, 145 

Measures and weights, 42 

of capacity, 44 

length, 43 

Measuring pipes, 293 

Mechanical efficiency of gas engines, t9I 
— steam engines, 166 

equivalent of light, 356 

Melting iron, cupolas for, 144 

points, 247, 330 

of alloys, 250, 835 

elements, 322 

— metals, 98, 384 

solids, 334 

Memoranda, electrical, 850 
Mending broken pipe, 292 

Men employed in carbonising, 246 

required for water gas plant, 893 

Mercury, comparison of, 88 
gauges, 257 

, pressure of, 299 

, weight of, 857 

Metals, comparative strength of, 180 

weights, 128 

, coefficient of expansion of, 884 

; effect of heat on, 114 



, electrical conductivity of, 98 

, melting points of, 834 

, safe stresses on, 128 

, speciflc heats of, 884 

, weight of square foot of, 128 

Methane, description of, 852 

•, illuminating value of, 863 

Meters at high and low pressures, 821 

, dry average tests of, 321 

; effect of, on illumixiating powe; 

of gas, 821 

, fixing, 321 

— — I glycerine for, 321 

, for ^as engines, 192 

, station, 229 

, to prevent freezing, 821 

, wet, particulars of, 819 

-, unions for, 820 



Methyl orange, to prepare, 843 
Metric equivalents, 56 

liquid measure, 56 

measures of length, 66 

Metropolitan Argand burner No. 2, 426 
Metropolitan Building Act, 72 
Mile, decimals of, 47 
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Bftillboaixl Joints, 292 
Minimum light required, 807 
Mixing concrete, 73, 209 

gases. 279, 234 

puddle, 204 

water at different heats, 889 

Mixture for stucco, 78 
Mixtures, freezing, 837 

Moiqt air in photometer rooms, 858 
Moisttire in air, 81 i 

coal, 251 

coke, 244 

Moments of inertia, 136, 144 

Money, to convert to decimals of £1, 45 

Monier system, 74 

Mortar, 72 

, best sand for, 73 

, in firost, 74 

, strength of, 72 

, water required, 73 

Morticing, 229 

Motive power fh)m acetylene, 390 

gases, 194 

Motor, cost per horse-power, 818 
Mouthpieces, Jointing for, 164 

, size of, 165 

, weight of, 160 

, yield per, 157 

Multipost gasholder fhuning, 222 



N 



AILS, copper, weight of, 98 
for slating, zinc, 79 
lead, slating, 96 
slate galvanised, 96 



Names of gas apparatus in French and 

German, 487 
Napthalene, 310 

and cannel, 886 

as an enricher, 302 

compared with benzene, 387 

, description of, 852 

, fixing point of, 256 

in condensers, 164 

gasholder pipes, 279 

scrubbers, 262 

tar, 409 

works, 256 

, preventing deposition In 

works, 256 

, tests for, 256 

, to clear from condensers, 256 

with dry gas, 256 

Natoral gas, composition of, 851 

slopes of earths, 202 

Newcastle coal, ash from, 251 

Nitrate of soda comi>ared with sulphate, 

405 
Nitrogen, combination in coal, 884 

in coals, 265 

7 for sulphate, 404 

redaces light, 347 

Noises in exhaust pipes of gas engines, 

192 
Nominal horse-power, 166 
Noii<conduoting materials, 182 



Non-conductors for steam pipes, 184 
Normal hydrochloric acid, 345 

oxalic acid, 345 

sodium carbonate, 346 

•hydrate, 345 



• solutions, equivalent, 346 
sulphuric acid, 345 



Notes, electrical, 350 

on boilers, 173 

■^—^ chains, 111 

coai stores, 148 

• gas stoves, 314 

— — guide framing, 220 

Pole's foimula, 294 

pumps, 284 

riveting, 108 

ropes, 111 

ventilation, 311 

wrought-iron girders, 132 

Notification of Gas Referees, 412 
Numbei of burners required, 811 

feet for Id. (diagram), 303 

Numbers, to square, 41 
Nuts, proportions of, 102 
, weight of, 102 

OBLIQUE illumination, 307 
Octagon, length of side of^ 41 
Oil engines, 194 

- for exhausters, 258 

- gas tar, analysis of, 396 
■ as paint, 277 

', water in, 397 

- linseed boiled and raw, 77 
— , sperm, light from, 402 
Oils, storing, 232 

Old candles, 361 

Oleflant gas, description of, 352 

Oleflne series, particulars of, 325 

Ordinary joints, weight of lead in, 285 

Oscillation in retorts, 247 

Otto cycle gas engines, 190 

Ounce strength of liquor, 375 

Outlet pipes to holders, 224 

Oval, area of, 41 

Overflow to hydraulic main, 159 

Overheating boilers, 175 

Overturning of wind and snow, 223 

Oxalic acid, normal, 345 

Oxidation of sulphur compounds, 274 

Oxide, analysis of, 267 

, back pressure from, 268 

, combining power of, 268 

, compared with Weldon mud, 274 

, expansion of, 268 

, heating when new, 269 

in paint, 280 

, new, 268 

of iron, effect on CSg, 267 

paint, 77 

purifiers, reaction in, 268 

, purifying power of, 268, 373 



, revivifying, 878 

— — ^ sheds, 198 



surface required, 272 
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Oxide, spent, analysis of, 269 

• for cyanides, 269 

. testing, 373 

, thickness of layers, 268 

, to revivify, 268 

, value of, when spent, 269 

, weight of, 268 

Oxidising gasholder sheets, 211 
Oxygen added to gas, 885 

and ethylene mixed, 887 

consumed by lights, 305 

, detecting in coal gas, 378 

purification, 275 

required by acetylene, benzene, 

ethylene, marsh gas, 355 

for combustion of fuel, 



259 



purification, 276 



305, 328 



to prepare, 276 



to support combustion, 
— flames, 357 



PAINT, covering power of, 76 
Fainting gasholders, 212, 279 

gas stoves, 314 

purifier covers, 277 

Paint, oxide of iron, 77 

Paper, drawing, sizes of, 59 
Paraffin series, particulars of, 325 
Paris, plaster of, 74 
Particulars of dry meters, 320 

wet meters, 319 

Pavements, tar for, 317 
Paving, York, weight of, 76 

slabs, 74 

Peat, gas made fi*om, 258 
Pedestal proportions, 186 
Peebles oil gas as an enricher, 402 

process, 402 

, coke from, 402 

, gas from tar by, 402 

Pens for registering pressure gauges, 319 
Pentane, 371, 423 

unit, Harcourt's, 369 

f ten candle, 420 

Percentage of coal in its use, 250 
Permanent way work, 148 
Peroxide of iron, 373 
Perpendicular, to set out, 64 
Petroleum, analysis of, 386 

, as fuel, 176 

furnaces, 244 

heated locomotives, 244 

lamp, light from, 307 

. pipes, to joint, 397 

tank, to protect, 897 

. vapour explosions, 885 

Phenanthrene, 853 

Photometer bar, divipions of, 358 

graduating, 369 

discs, 359 

with three epots, 359 



Photometer rooms, ventilation, 858 
, shadow, 858 

table, the, 422 

Photometers with sliaing candles, 860 
Piers, safe load on, 75 

Piles, 64 

, safe load on, 75 

Pillars of brick and stone, 69 

pine, breaking load on, 84 

Pine beams, safe load on, 85 

pillars, breaking load on, 84 

, safe load on, 75 

Pintech system, 402 
Pipe, broken, to mend, 292 

condensers, 163 

, composite, weight of, 123 

fittings, internal, size of, 300 

flanges, proportions of, 122 

joints, depth of yam in, 292 

.temporary, 292 

, repairing cement, 292 

, casting, 288 

, coatings for, 128, 291 

Pil)es, contents of, 90 

, copper, weight of, 124 

damaged by electricity, 291 

, depth underground, 291 

. dimensions of, 286 

distribnting power of (diagremX 
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drilling holes in, 291 
efrectsi>f rough insides, 291 
fall required in, 291 
for gas stoves, 815 
— steam heating, 316 
in bad soils, 291 
lead, weight of, 123 
measuring, 296 

outside covered with felt, 291 
service, coating, 292 
testing, 288 
weight of, 114 

, (diagram), 120 



-, jet, 857 

- rooms, moist Idr in, 858 



with sleepers under, 291 

Pistons, eflTective pressures on, 169 
Pitch for briquettes, 317 

pine beams, safe load on, 85 

Placing concrete, 209 

puddle, 204 

Planing purifier plates, 200 
Planks, 82 

Plant for semi- water gas, 401 
Plaster of Paris, 74 
Plates, allowance for lap of, 213 
, flat, strength of, 143 

in tanks, 203 

transverse strength of, 140 

Platinum, jointing, 229 
Pointing, 72 

and faciqg,.74 

, flat and tuck, 74 

Pole's formula, notes on, 294 
Poor gas deposits napthalene, 256 
Porosity of stone, 76 
Portland cement, nse of, 73 

stone, floialysis of, TO 
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9 i>lera» lafe lotd on, 76 

*o«itioi& for ennching spparatuB, 402 
*otaastiiin hydroxide, 844 
*ound. sterling, decim^ of, 45 

wei^fht, decioulB of, 48 

Pounds water hMted bf gues, 881 
Tarioufl snlK 

stances, 881 
Power from calcfom carbide, 176 
, bydraulic, 151 

or daylight, 807 

— ^— ^— horses, 63 

men, 6s 

oxide to remove sulphur, 260 

— — ^ paddle to retain water, 204 

reflecting heat, 80 

the eye, 858 

water fall, 88 

— ^— — to dissolve benzene, Ac, 
888 



required to raise water, 184 

, results of, 68 

PreiMuring oxygen, 276 
Preservation of belting, 187 
scaffold cords, 72 

timber, 81 

Pressure trom calcic carbide, 301 

washers, 196 

in gas engines. 190, 401 

puddle tanks, 205 

■ retorts, 247 

water gas shells, 808 

gauges, 857 

pens for, 819 



of air blast in water gas, 893 

— column of water, 824 

— gasholders, 214 
(diagram), 221 



plane, 206 



mercury, 299 

snow on gasholders, 214 

water, 299 

— against a vertical 



217 



— at difleient levels, 207 

on tank sides, 206 

vapour, 827 

wind, 216 
at different heights. 



on circular objects, 218 
in different places, 216 
on different areas, 217 
spheres, 219 



boiler ftimace tubes, 174 
district, SOO 
flames, 356 
foundations, 66 
guide columns, 218 
retorts, effect of, 244 
tank walls, 208 
safe on boilers, 174 



Pressures thrown by lime purifiers, 271 
PieTenting boiler incrustations, 261 

deposition of napthalene in 



works, 256 



meters fteesing, 821 



Preventing oscfllatlon In retorts, 165 

priming, 261 

stopped pipes, 246 

Primary air in fUmaces, S40 
Priming, to prevent, 261 
Producer and water gas mixed, 808 

gas and flaiue temperature, 885 

-, Siemens, 400 



gases, composition of, 241 
-suction, 408 



Producers, steam required for, 24S 
Production of aniline, 409 
PitxluctK of coal, 255 

combustion, 856 

from bnmsn, 808 



crude oil, 381 
distillation, 381 

>ofcoal, iUI5 



tar, 381 



works, chimneys, 404 



Propane, 358 
Proper height of lamps, SOO 
Properties of circles, 41 
Proportions of belts, 188 

boilers, 170 

bolts and nuts, 102 

■ COa in generator gases, 242 

chimneys, 177 

crane hooks, 160 

enriching gas, to find, 885 

keys, 187 

— pedestals, 186 

— pipe flanges, 122 

riveted joints, 104, 175 

rivets, 107 

tar concrete, 817 

teeth of wheels, 187 

tie-rods, 142 

treads and risers to stair- 



cases, 80 



washers, 102 



Protection areas of lightning condncton, 

181 
Prussian blue, 196, 276 

in cyanogen liquor, 384 

Puddle tanks, pressures in, 205 

, mixing, 204 

1 placing, 204 

-, weight of, 204 



Pulleys for rope driving, 18$ 

, rims, width of, 187 

Pump notes, 184 

Pumps, 166 

, capacities of, 186 

for gasholders, 209 

Punches, 228 

Pure air, contents of, 311 
Purification by ammonia, 201, 268 
— — ^ Glaus process, 201 

with oxygen, 275 

Purified gas, comi>osition of, 277 

Lowe oil gas, analysis of, 808 

Purifier connections, 198 

covers, 201 

fastenings, 200 

lutes, lOf? 
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Pnrifler seals, 148 
Purifiers, 197 
, area of, 197 

for sulphur purification, 197 

, height of, 201 

in sulphate plant, 404 

, lifting, 201 

, loss of gas in, 267 

Purifying, 267 

power of oxide, 268, 373 

sheds, 197 

value of lime, 872 

water gas, 396 

Purlins, angle iron, 142 
Purity of benzol, 888 
Putlogs in scaffolding, 72 

Putty for temporary pipe Joints, 292 
Pyrogallio acid, to prepare, 845 
Pyrometers, 249 



QUALITY of bricks, 67 
gas per hour, 288 

quantity of aoeiylene firom carbide, 891 
— ^— cvan(^en obtainable, 276 

lune for pnrif^g with 

oxygen, 876 

riveting in gasholders, 211 

- sulphur absorbed by oxide, 



869 



■ compounds from 



coal, 278 



RACE and pinion valves, dimensions of, 
293 
Badial rollers, effect of, 211 
Badiant heat, 89 
Radiating power of solids, 839 
Radius, least gyration of, 141 

of crowns, 225 

protection of lightning con- 
ductors, 181 
Rails, 149 

, strength of, 131 

Railway carria^s, gas in, 402 

, materials required for, 148 

Rainffldl, maximum, 79 

per hour, 79 

Raising temperature of purifiers, 275 

water, power required for, 185 

Rags soaked with oil, 326 
ftams, hydraulic, 88 
Rate of station meters, 229 

travel through purifiers, 197 

Raw linseed oil, 77 

Reaction in oxide purifiers, 268 

of cyanides, 196 

— — ^ liquor and sulphuric acid, 404 

r oxide when revivifying, 269 

Reciprocals, 1 
Recovering cyanogen, 265 
Red litmus paper, to make, 342 

lead, setting of, 280 

Reduction of temperature of waste gases. 



Reduction of Illuminating power by COg, 
267 

pressures in pipes, 281 

Referees, notification of, 41^ 
Refiectdng power of ceiling, 307 

— solids, 389 

radiant heat, 89 

Reflection of difierent substances, 811 
Refrigeniting coal gas, 401 
Regenerative settings, 157 
Regulations for testing, 410 
Relative carrying capacities of pipes, 285 

strength of beams, 188 

girders, 138 
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values of iUuminating agents, 



Removal of ammonia, 196 

002,271 

C8a by scrubbers, 263 

cyanogen compounds, 277 

sulphur compounds, 272 

■ tar, 255 

Removing dip pipe seals, 160 

tar, 164 

Rendering tank walls, 209 
Repair of furnaces, 243 
Repose, angle of, 62 
Residuals from crude gas, 235 
Resin, gas made from, 258 
Resistance of beams, 136 

cohesion of wall, 203 

curves, 149 

damp sand, 204 

earth backing, 203 

lattice standards, 228 

loam earth, 204 

rouuv* cast-iron columns. 
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trains, 149 

web plate standards, 228 

weight of tank walls, 203 



to crushing, 68 

stones, 75 



loads, safe, 75 

shearing, 106 

torsion, 107 

traction on roads, 147 

Results of distilling tar, 407 
power, 63 

Retort, clay, life of, 243 

house, area required, 154 

chimney, 158 

, constructing, 151 

drains, 164 

, floor Joists for, 154 

, roof trusses for, 154 

houses, compressed air in, 154 

, ventilation of, 154 

, width of, 154 



Retorts, 153 

, carbon in, 247 

, circular, 155 

, clay, 155 

, effect of pressure in, 244 

, for Peebles process, 402 

^, heat of, to em)4ii9 284 



INDBX. 



467 



RetorUi, Iron for tar carboniaation, 251 

, oscillation in, 247 

, space above coal, 233 

aroand, 154 

, temperature in, 254 

, through, 155 

, velocity of gases in, 234 

', yield per square foot, ^4 



Reversing photometer discs, 359 
Revivification of oxide in air, 273 
Revivifying oxide, 373 

, reaction, 269 

Right angles to set out, 64 

Rising pipes, curves in, 160 

Riveteci joints, proportion of, 104, 175 

to plates, strength of, 107 

Riveting crown sheets to trussing, 211 

gasholders, 212 

notes, 108 

, quantity of, in gasholders, 211 

thick to thin plates, 213 

Kveta, allowance for waste on, 218 

heads, weight of, 106 

, proportions of, 107 

required for gasholder sheets, 212 

, shearing resistance of, 108 

strain on, 226 

, size of, for boiler plates, 175 

plates, 106 



strength of, 105 



Road making, 146 

tramways, 147 

Roads, gradients in, 147 
Rocks, weight of, 62 
Rod'Of brickwork, 69 
Rods, round, strength of, 130 
RoUed Joists, diagraA', 134 

iron, weight of, 91 

T-iron, strength of, 142 

Rollers radial and tangential, effect of, 211 

Roman cement, 74 

Roof, area, to calculate, 78 

coverings, 79 

Roofing, Allport's waterproof, 80 

, Willesdcn, 80 

Roof materials, weight of, 78 

sheeting, corrugated, 98 

trusses, height of, in retort house, 

154 
Roofs, allowance for snow on. 79 

, curved, 80 

, load on, 78 

, wind allowance on, 79 

Room heating, 316 

temperature, 308 

Rope driving pulleys, 188 

gearing, 189 

Ropes, notes on, 111 

, safe working loads on, 112 

, strains round pulleys, 112 

, strength of, 109 

■, wire, on pulleys, 282 

Bound rods, strength of, 130 

station meter, dimensions, 230 

Rule for correcting for rat^ of burning of 
369 



Rule for height of lamps, 309 

position of hoops to tanks, 205 

thickness of tanks, 205 

weight of pipes, 115 

, to find intensity of light, 310 

Rumford photometer, 358 

Rusting of wrought iron framing, 220 

Rust Joint cement, 127 



S 



AFE load on floors, 78 
piers, 75 

rolled iron joists, 134 
timber joists, 86 



pressure on boilers, 174 

resistance to loads, 75 

stresses on metals, 128 

Safety, factors of, 89 

-, on stones, 76 

tubes in blast mains, 393 

valves, 176 



Safe working loads on ropes, 112 

Salts in tar, 235 

Sand and cement, strength of, 72 

, best for mortar, 73 

, value of in mortar, 72 

, in mortar, size of, 73 

, resistance of, 204 

Saturated hydrocarbons, 325 
Saturator, temperature in, 405 
Saving by conveyor, 152 

grabs, 152 

steam jacketing, 168 

Sawdust, gas made from, 253 
Saws, best rate for, 228 
Scaffold cords, to preserve, 72 
Scaffolding, 72 
Scavenging giis engines, 193 
Schneider's heat testing cones, 249 
Screw threads, 125 

Scnibbers, ammonia removed by, 262 

, ammonia at outlet, 266 

and washers, 195 

, boards for, 195 

— , effects of temperature upoBp 
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- filled with coke, 196 

- for water gas, 393 
-, napthalene in, 26^ 
-, surfaces in, 195 

-, water required in, 262 
-, wetting material in, 262 



Scrubbing and washing, 262 
Seals of purifiers, 198 
Seams in furnace flues, 170 
Seasoning timber, 81 

, time required for, 83 

Secondary air, distribution, 167 

, heat of, 241 

in ftimaces, 240 

, warming, 158 

Seger's cones, 249 
Segment, area of, 41 
Semi-water gas, 401 
Separating tar by friction, 159 
Service pipes, coating, 202 296 
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Services, connecting, 296 

from small mainSi 291 

of lead pipe, 292 

to photometers, 863 

Setting out curves, 147 

right angles, 64 

Settings, cost of, 156 

, covering for, 154 

, direct fired, losses iu, 239 

for boilers, 176 

^ generator, 157 

, limit of heat in, 240 

, materials required for, 156 

, steam under bars, 243 

, temperatures in, 241 

, walls of, 154 



Sewerage, 66 

Shadow photometers, 858 

Shafts for boilers, 181 

Shale oil, distilling, 885 

Sheard's tests for NHs, CO2, H28, 875 

Shearing resistance of rivets, 108 

• to, 106 

strain on rivets, 226 

Slieet brass, weight of, 324, 180 

glass, thickness of, 77 

, weight of, 77 

iron, weight of, 124 

lead, covering power of, 96 

, usual thickness, 80 

weight of, 80 



zinc, weight of, 96 

Sheds for puriflere, 197 

Shrinkage of caatings, 99 

Side plates, strains on, 225 

sheets of gasholders, thicJcness of, 21? 

•—— purifier covers, 201 

Siemens producer gas, 400 

Simple sulphate plant, 404 

Single lift gasholders, 210 

Six-hour charges, 238 

Size and weight of slates, 79 

• of brickwork materials, 67 

box tinplates, 97 

chimney for boilers, 178 

connections in works, 162 

drawing paper, 59 

flues, 158 

holders in works, 210 

internal pipe fittings, 809 

mouthpieces, 155 

photometer rooms, 358 

purifiers, 197 

rivets for boiler plates, 175 

plates, 106 

sand in mortar, 73 

service pipes, 293 

stables, 146 



Slabs, paving, 74 

Slaked lime, weight of, 272 

Slaking coke, 244 

lime before use, 271 

increases bulk, 271 

-, water required, 201 

Slate nails, galvanised, 96 
*- , lead^ 96 



Slate nails, tine, 79 
Slates, good, to judge, 79 

, laying, 78 

, sizes and weights, 79 

, to test, 79 

, weights and sizes, 79 

Sleepers under mains, 291 
Sliding candle photometers, 360 
Sloping retorts, carbon in, 247 
Slow condensation, 164 
Slopes of earths, 62, 202 
Smith's forge, air in, 229 
Smooth surfaces to retorts, 155 
Snow, allowance for on roofs, 79 

, pressure of, on gasholders, 214 

, weight of, 214 

Soap for testing joints, 292 
Socket joints, dimensions of, 289 
Sockets, weight of, 290 
Sodium carbonate, normal, 345 

flames, 857 

hydrate, normal, 845 

Solar distillate, 896 
Soldering, flux for. 124 
Solids, melting points of, 834 

, power of for conducting heat, 838 

Soot from coal fires, 817 
Sound, speed of, 88 ' 

in air, 328 

Space above fuel, 155 

around retorts, 154 

between bearings for shafts, 183 

fire bars, 155 

for machine stoking, 158 

occupied by coals, 145 

for fuel, 260 

Spaces, volume of, in concrete, 74 
Specific heat, 88 

of air, 241 

bodies, 336 

fire-clay, 162 

metals, 334 

gravity of bricks, 69 

compared with Twaddel, 
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of benzene, 388 

— caking coal, 262 

— carbide, 391 

— coal to obtain, 380 

— elements, 322 

— gases to obtain, 364, 



Speed of condensation, 164 

cutting tools, 228 

sound, 88 

in air, 328 

, safe of flywheels, 187 

Spent oxide, analysis of, 269 

— , testing, 373 

, value of, 269 

Spermaceti for candles, 861 
Sperm light of oil, 402 
, value of gas in, 880 



ten per cent, acid, 875 
water gas, 852 
per hour, 237 
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Sphere, volume of, 41 

^ wind pressure on, 219 

Spiral gasholder guides, 220 
Spoiling gas with too much air in purifi- 
cation, 275 
Spontaneous combustion, 326 
Square iron and steel, weight of, 131 
Square measure, 43 

of a number, 41 

roots, 1 

Squares, 1 

Stability of gas with benzol, 387 

hydrocarbons, 325 

inner lifts, 224 

sulphided lime, 274 

Stabling, 146 

Stacking coal, 231 

coke, 232 

Staircases, treads and risers, 80 
Standard burner of Qas Referees, 435 

candles, 360 

, Carcel, 370 

, Hefner- Alteneck's, 370 

liquor solution, 343 

Pentane, ten candle, 420 

Standards, bending moment of, 223 

, distortion of, 223 

, latticed, resistance of, 273 

, strength of, 220 

, web plate, resistance of, 223 

Starting gas engines, 193 
Station nieters, capacities of, 229 
I. — dimensions, 280 

drums, 230 

— — groaning, 319 

rate of working, 229 

.testing, Hartley's notes. 

Steam, condensation of, 182 [319 

engine, calorific power, 191 

, mechanical eflaciency, 166 

, water consumption in, 261 



Stoking boilers, 260 
Stone, Bath, weight of, 76 

pillars, 69 

, porosity of, 76 

steps, 81 

work, joints In, 76 

,York, weight of, 76 

Stones, resistance to crushing. 
Stopped pipes, to prevent, 246 
Stopping gas engines, 193 
Storage for coals, 145 
, loss by, 279 

of materials, 145 

Stores, coal, 146, 149 
Storing materials, 231 

oils, 282 

Stourbridge fire-clay, 152 

Strains in gasholders, Wyatt's rules, 225 

ropes, 112 

on crowns with different rises, 213 

side plates, 225 

- top sheets of gasholders, 210, 



for ejecting tar, 242 
warming, 315 



in lutes, 224 

purifiers, 275 



jacketing, saving by, 168 
pipes, expansion in, 182 

for boiler, 182 

, thickness of, 182 



- pressure for water gas, 393 
required for producer, 243 

in Dowson producer, 401 



tubing, weight of, 297 
under bars of settings, 243 



Steatite for burning tips, 808 
Steel angles, weight of, 91, etc 

curbs for gasholders, 211 

cylinders, strength of, 171 

effect of heat on, 114 

Joists, breaking weight on, 188 

, round and square, weight of, 131 

- tanks, 203 

tees, wei^t of, 91, etc 

— -. testing, 112 
Stiffeners, vertical, 211 
gtocHr^mminif, 205 



211 
Strength, breaking, 101 

, comparative, of metals, 130 

, clastic, 101 

, transverse of plates, 140 

of a man, 228 

belting, 188 

boilers, 173 

boltB, 103 

•" brick columns, 68 

cast iron pipes as girders, 144 

cement and sand, 72 

— chains, 109 

concrete, 75 

cylindrical beams, 222 

■ double headed raUs, 131 

English bond, 72 

flat plates, 143 

gasholder columns, 222 

joints, 225 

guide framing, 220 

manilla rope gearing, 189 

mortar, 72 

rivets, 105 

riveted joints to plates, 107 

ropes, 109 

round rods, 180 

steel cylinders, 171 

tank walls, to calculate, 201 

T-iron, 142 

timber, 82 

wrought-iron cylinders^ .171 

in gasholders, 220 



Stresses safe on metals, 128 

Strontium flames, 857 

Struts in gasholder Araming»224 

of angle iron or steel, 140 

T-iron or steel, 140 

Stucco, mixture for, 73 
Suction gas producers, 403 

pipes for pumps, 184 

Sugg's burners, 369- 

Sulphate, amount from liquor, 404 

its manure, 406 
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Sulphate from coal, 404 

made in 1894, 405 

plant condensers, 404 

'f ftiel required, 405 

, purifiers, 404 

simple, 404 



- of iron, 378 

-, time required to manufacture, 



405 
Sulphide from hot lime, 274 

of lime, 87S 

Sulphided lime, air with, 273 

. purifiers, action in, 273 

; eflFect of CO2 



upon, 273 
upon, 273 



stability of, 274 



H2S 



Sulphocyanic acid, 277 

Sulphur compounds fh)m water gas, 396 

, oxidation of, 274 

, quantity firom coal, 

— , removal of, 272 
, temperature of for- 



273 



mation, 244 

ftom damp coal, 233 

gas burning, 308 



in cnal, 382 

estimating, 381 



enrichers, 886 
gas, 267, 882 



lost in lime purifiers, 271 
passing to purifiers, 269 



Sulphuretted hydrogen, 267 

, test for, 376, 428 

Sulphuric acid for hydrocarbons, 345 

, normal, 845 

, to make, 405 

Sumpts for tanks, 202 
Superficial measure, 43 
Superheated steam, 304 
Superheaters for boilers, 176 

water gas, 39 \ 

Supply pipes to Argand burners, 308 
Supporting hydraulic main, 159 
Surface, heat lost by, 389 

in scrubbers, 195 

Surveying measure, 43 
Symbols of elements, 329 



TABLB of lighting, 209 
pressures of water against a 

vertical plane, 206 
Table photometer, the, 422 
Tabular numbers, correcting by, 868, 422 

, diagram of, 866 

^_. reference^ 426 

Tangential rollers, effect of, 211 
Tank notes, 208 

sumpts, 202 

wall, backings, 204 

walls, 202 

, hoop iron in, 205 

r— , pressures on, 208 



Tank walls, rendering, 209 

— , resistance of weight of, 208 

, thickness at base, 205 

— of, 208 

Tanks, asphalte for, 209 

, bnck, 205 

, details of, 209 

, hoops to, 205 

for gasholders, 202 

, foundations for, 202 

, leaks in, 205 

for liquor and tar, 165 

, sides, pressures of water on, 206 

, rules for thickness of cylinder, 206 

, to calculate strength of walls, 207 

-, wrought iron, thickness of (dia- 
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pounds, 244 



1 



gram), 208 
Tar, analysis of, 407 
, oil gas, analysis of, 396 

and liquor tanks, area of, 165 

as fuel, 244 

, average yield of, 407 

, carbonisation of, 251 

, composition of, 407 

concrete for footpaths, 146 

, proportions of, 318 

constituents, 406 

distillates, 406 

distilling, results of, 407 

firing, advantages of, 242 

for painting, 280 

ftom caking coal, 407 

pavements, 817 




-, gas from, by Peebles process, 402 
, heat required to gasify, 402 



»1 



"rBDipeiatuies, 



tensile Btraii 

^ streni 

Tension, ex] 
of 



, illuminating compounds in, 252 

in hydraulic main, 253 

scrubbers, 263 

on coals for carbonising, 402 

process at Widnes, 252 

, products of, 381 

, removal of, 164, 255 

required to carbonise coal, 242 

, salts in, 285 

seal, gas washed bjr, 253 

separating by friction, 159 




u 



, steam for ii\jecting, 242 

tanks, 165 

used to fire retorts, 289 

-, yield of gas from, 252 

Tees, flanged, dimensions of, 118 
Tee iron, strength of, 142 
————— or steel struts, 140 
, weight of, 91, etc. 

Teeth of wheels, projwrtions of, 187 
Temperature below ground, 66 

best in condensers, 255 

, correcting for, 865 

in ascension pipes, 24^, 854 

condensers, 254 

cylinders, 168 

^^- ^—. — flues, 154 

foul main, 160, 254 

generators, 893 

hydraulic m%in, 254 



n 
1 



Test to 
"Tests i 
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in purifiers, 275 
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Tempentore retorts, 254 

rooms, 808 

saturator, 405 



394 



of Bansen flames, 857 

- changes in flames, 353 

- combustion of gases, 832 

- decomposition of water. 



pounds, 244 



carbons, 288 
878 



formation of solphnr com- 

Aimaces, to find, 340 
gas entering porifiers, 268 
flames, 854 
fusion, 260 
production of 



801 



valves, 292 
— — white lead, 77 
Test for COa, 378 

HaS, 875, 428 



notes 
[on, 819 



Tests for napthalene, 256 
pure water, 261 



of axles, 149 
- coals, 251 
Bre-bricks, 153 



Theory of formation of flames, 812 

^ light. 354 

photometers, 858 

'Thermal efficiency of engines, 166, 194 

unit. 166, 840 

Thickness at base of tank walls, 205 
■ of ascension pipes, 159 

' crown sheets, 226 



hydro- 
revivification of oxide, 

— volatilisation of bensol. 

— water in scrubbers, 262 

to convert ftiel to CO, *40 

Temperatures, colours of different, 248 
, in flues, 286 

gas engines, 191 

^— — mains, 800 

settings, 241 

"Tensile strain on side plates, 225 

— — ^— tank sides, 205 

strength of mortar, 72 

Tension, expansion of iron by, 218 

of ammonia gas, 268 

aqueous vapour, 826 

belts, 188 

'Testing benzene, 889 

calorific power, 417 

carburetting for, 870 

coal. 381 

for acetylene, 878 

gas liouor for COs, 874 

with Argand burners, 867 

iron and steel, 112 

joints with soap, 292 

lime, 372 

mains in district, 291 

pipes, 288 

slates, 79 

spent oxide, 373 

station meters. Hartley's 



Thickness of cylinder in tanks, 205 
■ engine cylinders, 168 

hydraulic cylinders, 151 

— • — layers In purifiers, 201 

. pipes for nigh pressures* 289 

sheet lead, 80 

■ glass, 77 

sheets of wroughtF>iron tanks 

(diagram), 208 

>■ side sheets of gasholders, 212 

• steam pipes, 182 

tank walls, 402 

tin plates, 96 

walls, 72 

web plates for girders, 189 

Tlireads for bolts, Whitworth, 186 

gas pipes, 298 

, screw, 125 

Three lift gasholders, 210 
Through retorts, 155 
Tie-rods in coal stores, 146 

, proportions of, 142 

to benches, 154 

Timber, 81 

Joists, 82 

■■ , safe load on, 86 

, preserving, 81 

, safe load on, 82 

, seasoning, 81 

strength of, 82 



Time of contact in purifiers, 197 

required for seasoning timber, 83 

to charge, 246 

make sulphate, 405 

to start water.gas plant, 894 

Tin plates, thickness of, 96 

— , box, sizes and weights, 97 

tubes, weight of, 124 

To estimate furnace efficiency, 155 

- save fuel, 241 

- test heats in water gas plant, 893 
Ton, decimals of, 49 
Too much air in purification, 274 
Top sheets of gasholders, strains on, 210 
Torsion, resistance to, 107 
Tower scrubbers, 195 

, effect of cold on, 262 

Toxicity of acetylene, 891 
Traction resistance on roads, 147 

force of locomotives, 148 

Trains, resistance of, 149 

Tramcars, gas engines for, 192 
Tramways on roads, 147 
Trap sand for mortar, 78 
Transmission of gas through pipes, 800 

heat, 176 

Transverse strength of plates, 140 
Travel in flues, 157 

Treads and risers to staircases, 80 
Triangles in guide finming, 220 
Trigonometrical terms, 41 
Troy weight, 42 
Trunk mains, 292 
Trussed holder curbs, 210 
Trussing gasholders, 212 
Tubes, block tin, weight of, 12« 
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Tack pointing, 74 

Turned and bored pipes, advantages of, 

292 
■ ■ , dimensions of, 

200 
Turmeric paper, to make, S42 
Twaddel, 264 
, compared with specific gravity, 

846 



W 



ALLS for coal stores, 14d 
of settings, 154 
- tanks, 202 
thickness of, 72 
to fronts of benches. 



155 



to reduce to ounce strength, 264 

UNACCOUNTBD for gas, 801 
Uneven charging, 283 
Unions for gas meters, 820 
Unit of heat, 166 
Uniting lead, 100 
Units, electric, 89 

of Ught, Harconrt's, 860 

Unloading mateirials, 145 
Use of Portland cement, 73 
sand in mortar, 72 

VACUUM in chimneys, 159 
waste gas flues, 241 

Value of acetylene, 890 

chalk, 270 

explosive mixtures, 103 

gas in sperm, 880 

spent oxide, 269 

Values of different quality gases for eva* 
porating, 356 

gases for lighting and heating, 

856 

motive power, 194 

Valves, boxing round in works, 165 ! 
, dimensions of, 293 

for hydraulic mains, 161 

in purifier house, 201 

, safety, 176 

- — to condensers, 164 
-, testing, 292 



Warming by steam, 315 

secondaiy air, 158 

Washers and scrubbers, 195 

for petroleum pipes, 897 

, pressures thrown by, 196 

, proportions of, 102 

, weight of, 103 

Washing and scrubbing, 262 
gas with mineral oil, 325 

Waste gases, reduction in temperature of, 

243 
Water, absorptive power of. 374 
, acetylene absorbed by, 891 

and producer gas mixed, 398 

consimiption in steam engines. 



261 



distribution in scrubbers, 195 
evaporated by fuels, 259 

fUmaces, 155, 243 



-, evaporation of, 832 

-, expansion and weight of, 838 

of when freezing, 337 



Vui Steenberg's process, 399 
Vaporising bensol, temperature for, 387 
Vapour tension of benzene, 387 
Varnish, covering power of, 77 
Velocity in exhaust pipes, 182 

steam pipes, 182 

of diffusion, 279 

gases in chimneys, 179 

retorts, 284 



light, 356 
water, 151 
wind, 216 



Ventilating flue, chimney as, 808 
Ventilation notes, 811 

of coals, 145 

' photometer rooms, 358 

retort houses, 154 

Vertical sheer on standards, 224 

stifTeners, 211 

Visibility of lights at distances, 310 
Vitiation of air by acetylene, benzene, 

ethylene, marsh gas, 355 

liehts, 805 

Volume of one pound ox air, 827 

■ sphere, 41 



fall, power of, 88 

for condensing water gas, 

from carbon, 894 

gas analysis, 392, 395 
— , blast mains for, 393 

, blowers for, 393 

, CO2 in, 394 

carburettor, 393 

— , composition of, 351 

condenser, 893 

, cost of, 399 

, enriching value of, 396 

— , fuel required for, 894 

generator, 898 

, oil required for, 894 

- plant, explosions in, 894 

, lighting up, S94 

, men required for, 393 

, time to start, 894 

to test heats in, 893 



production, equation of, 898 

purification, 396 

scrubber, 893 

, steam pressure for, 893 

, sulphur compounds in, 396 

superheater, 393 

with anthracite coal, 398 

- heated through plates, 817 

- in ash-pans, 243 

- hydraulic mains, 268 

- lime, 271 

- oil gas tar, 896 

- oxide, 267 

- scrubber, temperature of, 262 

- mixing at difierent heats, 839 
-,pounaiB heated by gases, 831 

various sub' 



stances, 331 

-, power of absoxptioii, 196 



J 



